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Abstract
Background:
Osteoporosis is a bone disease that increases the risk of fractures. In adults aged 50-65 years, a
wrist fracture is usually the first sign of osteoporosis. Fracture risk increases if these individuals are
not taught to exercise, eat properly, and/or identify fall risk factors early in their diagnosis.

Methods:
A meta-analysis was conducted to determine whether a home fall hazard identification program could
reduce the risk of falls in community dwelling adults and an overview of exercise in individuals with a
distal radius fracture (DRF). CINHAL, PubMed, EMBASE, Scopus, and PsychINFO were used to
identify articles. A survey was distributed to individuals with osteoporosis to ask them their exercise
preferences. In-depth interviews were conducted to better understand the type of health professionals
providing osteoporosis management advice. Interviews were transcribed verbatim and coded
sentence-by-sentence. A randomized control trial was developed as a feasibility study. Participants
engaged in the home program online, twice a week for six weeks. Trial registration: NCT03997682

Results:
In the falls meta-analysis, a total of 8 studies (n=8) and 5,177 participants were included. Pooled
effects from 5 studies indicated no difference between fall hazards identification programs and
control. Exercise improves health outcomes following DRF, but study quality was poor. Survey data
from 287 individuals was collected. The sample was 90% female with a mean age of 67 (SD: 10.7)
years. Home (n=171, 62%) was the preferred location to exercise. Improving strength (n=241, 84%)
was the most important goal and reducing falls (n=129, 45%) was the least important. In the
interviews, it was found that people with osteoporosis rely on physicians, other healthcare
professionals, and non-healthcare professionals for advice. In the RCT, 63 participants were recruited
over 12 months. The threshold for demonstrating retention was met (75% of participants attending
their 6-month visit). Adherence was not met, at 56%.

Discussion:
We used patient input and the literature to ensure the intervention for the RCT is evidence based.
Preliminary results indicate that the RCT is feasible, by approaching our recruitment numbers and
retention goals, should we decide to move forward with a full RCT.
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Summary for Lay Audience
This thesis looked at strategies, that do not involve medication, to reduce the risk of falling
and fracturing for people with osteoporosis. There are five studies that are presented to better
understand how to manage osteoporosis without medication, by using interventions that
reduce the risk of falling, increasing exercise and improving nutrition. The first study was a
summary of the literature looking at aspects inside an individual’s home that could put them
at risk of falling. This study found that although identifying these hazards did not reduce the
risk of falling, it did help individuals better understand these hazards. The second study was
looking at exercise for people after a broken wrist, again summarizing studies that were
already published. This study found that the exercise seems to help with recovery after a
broken wrist, but the studies were not very well conducted so it is unclear how much we can
trust these results. The third study used a survey to ask people with osteoporosis about their
exercise preferences. Most people preferred to exercise at home, to try to improve strength.
The fourth study was to interview people with osteoporosis about how they get information
about osteoporosis. It became clear that people with osteoporosis rely on their physician,
other healthcare providers, and non-healthcare providers for advice. The last study randomly
assigned individuals to an intervention or control group. The intervention group was an
exercise and education program twice weekly, for 6 weeks. The control group continued with
their usual care. Thresholds were set before the study began to classify if it the study was
reasonable to carry out on a larger scale. We wanted to enroll 74 individuals in one year but
enrolled 63. We wanted at least 75% of the individuals to complete the final study visit,
which we did accomplish. We also wanted the individuals in the intervention group to
complete 60% of the program, but only 56% of the intervention was followed. This body of
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work will inform future studies to see if we can improve the health of individuals with
osteoporosis after a broken wrist and to reduce the risk of future fractures.
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Grand Introduction

1

The thesis presented has an overarching theme of non-pharmacological management for
osteoporosis, with a particular focus on preventing future more debilitating fragility
fractures. Although this thesis could not address prevention of fractures, it will be a focus
for my future work. This introduction will summarize information related to osteoporosis
and distal radius fractures. The intention is to provide a brief overview of a description of
the conditions and management strategies.

1.1
1.1.1

Osteoporosis
Description of Osteoporosis

Osteoporosis is a disease characterized by low bone mass, a deterioration of bone tissue,
and a subsequent increased risk for fracture1. The prevalence of osteoporosis increases
with age 1; however, some women can be diagnosed with osteoporosis perimenopause, as
early as in their fifth or sixth decade 2-4. Risk factors for fractures include increasing age,
female sex, previous fractures, parental history of hip fracture, smoking, and use of
glucocorticoids4. Additionally, secondary osteoporosis can result from pharmacological
treatments at any age (e.g. androgen deprivation therapy, prolonged corticosteroid use),
malabsorption disorders (e.g. ulcerative colitis, Crohn’s disease), and eating disorders 5.
The neck of the femur, distal radius, and vertebral bodies are the most common locations
for osteoporotic fractures 6. Back pain and thoracic hyper-kyphosis are hypothesized
sequelae of vertebral fractures resulting from changes in anatomical alignment, and
muscle and ligamentous support 7. An osteoporotic fracture is typically termed a fragility
fracture. A fragility fracture is a fracture that occurs spontaneously or easily from simple
tasks like bending, reaching, twisting, coughing, or sneezing8. It can also occur due to a
minor injury such as a fall from standing height or less, or at walking speed or less8.
Osteoporosis is diagnosed by using a dual energy X-ray absorptiometry machine (DXA),
which gives an indication of the bone density9, 10. The image is typically taken at the
lumbar spine or hip, and then compared to age and sex matched norms9, 10. There are two
1

commonly used tools to determine a person’s risk of fracture. The Canadian Association
of Radiologists in association with Osteoporosis Canada developed the CAROC tool11.
The CAROC tool is a graph with age on the X-axis and bone mineral density femoral
neck t-score on the Y axis11. A t-score is the distribution of bone mineral density
compared to an average 30-year-old and is presented in number of standard deviations
from the mean12. The higher the age and the lower the femoral neck t-score the greater
risk of fracturing11. For example, a woman aged 50 their t-score would have to be about 4.0 (osteoporosis is considered a t-score of -2.5 or below), whereas a woman aged 85
would be considered high risk of fracture with a t-score of -2.5 and below. There are
graphs for both men and women. The other commonly used tool is the Fracture Risk
Assessment Tool (FRAX), which considers many risk factors including age, sex, weight,
height, previous fracture, parent fractured hip, current smoking, glucocorticoid use,
rheumatoid arthritis, secondary osteoporosis, alcohol consumption of 3 or more units per
day and bone mineral density13. Someone is considered an increased risk of fracture if
they have fragility fracture after the age of 40 if they have prolonged or systemic
glucocorticoid use11. Someone is high risk of fracture if they have had a fragility fracture
of the vertebrae or hip or if they have had more than one fragility fracture11.

1.1.2

Epidemiology

An osteoporotic fracture affects one in three women and one in five men in their
lifetime6. Approximately 2 million Canadians are affected by osteoporosis14. An
osteoporotic fragility fracture is more common than a heart attack, stroke, and breast
cancer, combined. Approximately 80% of all fractures in menopausal women over the
age of 50 are considered fragility fractures14, 15.

1.1.3

Burden of the Disease

People living with osteoporosis face a reduced quality of life, lowered self-esteem,
reduction or loss of mobility, disfigurement, a lack of independence and in some cases,
death – 28% of women and 37% of men who suffer a hip fracture will die within the
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following year 16. The risk of death is five to eight times more likely in the first 3 months
after a hip fracture, and 16% of people die in the 5 years following a vertebral fracture 17.

1.1.4

Management

Osteoporosis can be managed pharmacologically and non-pharmacologically, with nonpharmacologic management important in preclinical and early osteoporosis, and both
important in later stages of the disease. Clinical recommendations outline the timing and
best practices for managing osteoporosis with medication, nutrition, and exercise 16, 17.

1.1.4.1

Pharmacological

Pharmacological management of osteoporosis is done by a treating physician which could
be their family doctor, an endocrinologist, or a rheumatologist. Medication is typically
prescribed to patients that are at a moderate or high risk for fracture10. However, there can
be significant side effects associated with the medications including gastrointestinal
problems, skin infection, rash, dizziness, pain in the joint, and in the odd case a femoral
fracture. Recognizing these side effects, often patients are hesitant to being
pharmacological treatment. See Chapter 5 for the patient’s perspective on managing
osteoporosis. A few of the common medications and a description of the medication is
below:

1.1.4.1.1

Bisphosphonates

Bisphosphonates are the most common family of drugs used to treat osteoporosis18.
Bisphosphonates are an anti-resorptive drug that bind to the surface of the bone and slow
down the resorbing actions of osteoclasts, allowing for osteoblasts to rebuild the bone18.
There are four bisphosphonates currently approved for use in Canada: alendronate
(Fosamax ®), etidronate (Didrocal ®), risedronate (Actonel ®) and zoledronic acid
(Aclasta®). Also available are Actonel DR™, Fosavance® (Fosamax® with vitamin D)
and several generic versions.
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1.1.4.1.2

Denosumab

Denosumab is an osteoporosis treatment of a human monoclonal antibody that prevents
the RANKL-RANK interaction, an upstream regulator of osteoclasts, preventing
osteoclasts from being formed19. Denosumab may be more commonly referred to as the
brand name Prolia. People with osteoporosis need to be at high risk of fracturing or a
previous fragility fracture with a decline in bone mineral density, or if they have not
responded to other osteoporosis treatments19.
Denosumab is administered as an injection under the skin, twice yearly. Individuals who
were in the FREEDOM study, which evaluated denosumab in comparison to placebo,
were followed, and those who stopped denosumab had a subsequent reduction in bone
mineral density (BMD) and an increase in the risk of fracture 20. Analysis of the data
from the FREEDOM study as well as the Extension trial of denosumab up to a total of 10
years, confirmed that stopping denosumab was associated with an increase in rate of bone
loss as measured by bone turnover markers, which rose 3 months after missing a
scheduled dose21. BMD decreased back to the baseline level 12 months after missing a
scheduled dose of denosumab19.

1.1.4.1.3

Hormone Therapy

Estrogen plays an important role in maintaining bone, making hormone therapy an option
to help treat osteoporosis22. After menopause the body creates less estrogen, which also
contributes to the increase of fragility fractures in older adults, and why osteoporosis is
commonly thought of as more of a women’s disease. Hormone therapy is not used to
replace the hormones but rather to supplement them to avoid extremely low levels of
hormones and prevent bone loss22.

1.1.4.1.4

Raloxifene

A similar drug to hormone therapy is Raloxifene (Evista®), which is from a family of
drugs called SERMs (Selective Estrogen Receptor Modulators)23, 24. SERMs, however,
are a non-hormonal drug, but they act like estrogen in parts of the body like the bones,
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but in other parts of the body like the uterus and the breasts they block the effects of
estrogen23, 24.

1.1.4.1.5

Romosozumab (Sclerostin Inhibitor)

As a sclerostin inhibitor, Romosozumab both increases bone formation and decreases
bone resorption25. This drug has shown positive effects on both trabecular and cortical
bone, make the bones stronger and reducing the risk of fracture25.

1.1.4.2

Non-Pharmacological

Non-pharmacological management of osteoporosis includes exercise, nutrition, and falls
prevention strategies. Non-pharmacological management is recommended to begin as
soon as someone finds out that they have osteoporosis26, 27. Exercise is recommended for
all people with osteoporosis, including those that have had hip and vertebral fractures26,
27

. Non-pharmacological management is usually the first approach to managing people at

low and moderate risk of fracture and is an essential compliment to pharmacological
management for people at high risk of fracture10, 28. A diet for someone with osteoporosis
should include adequate calcium, vitamin D and protein, all of which help improve bone
health28. It’s recommended that calcium is primarily obtained from the diet, but vitamin
D intake often requires supplementation28. Falls prevention strategies are complex and
often require a multimodal approach which may include balance training, posture
awareness, removal of home fall hazards and awareness of medication that may
contribute to risk of falling27.

1.1.4.2.1

Exercise

In 2014 a set of exercise recommendations was created for people with osteoporosis26, 27.
The recommendations suggest that older adults with osteoporosis engage in a
multicomponent exercise program that includes resistance training in combination with
balance training26, 27. Older adults with osteoporosis should not engage in aerobic training
to the exclusion of resistance and balance training26, 27. Recommendations for the volume
of exercise follows closely to the Canadian Physical Activity recommendations, where
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older adults should engage in 150 minutes of moderate to vigorous aerobic exercise,
strength train each of the major muscle groups twice per week and engage in balance
exercise29, 30. The osteoporosis exercise recommendations specify that balance should be
trained daily for at least 20 minutes, and people with osteoporosis should engage in
posture training/ awareness and target the back extensor muscle group26, 27. These
guidelines also make special recommendations for those individuals who have sustained a
vertebral fracture26, 27. They suggest that older adults with a vertebral fracture should still
engage in a multicomponent exercise program with resistance training and balance
training but should consult a physical therapist for recommendations to ensure that the
exercises are safe and appropriate26, 27. Again, older adults with a vertebral fracture
should not engage in aerobic exercise to the exclusion of resistance or balance training26,
27

. These recommendations are currently being updated and a new set of

recommendations is expected to be released in 2022. In a recent Cochrane Review by
Gibbs et al., (2019) looking at the effects of exercise in people with an osteoporotic
vertebral fracture, there was some benefit to favour exercise in the Timed Up and Go
(MD -1.13 seconds, 95% CI -1.85 to -0.42; studies = 2)31. As well, exercise improved
QUALEFFO-41 physical function score (MD -2.84 points, 95% CI -5.57 to -0.11; studies
= 2; very low-quality evidence) and QUALEFFO-41 total score (MD -3.24 points, 95%
CI -6.05 to -0.43; studies = 2; very low-quality evidence)31. However, these results should
be interpreted with caution as the studies were of very low quality, and the results were
not clinically meaningful31.

1.1.4.2.1.1 Aerobic
The Canadian exercise and physical activity guidelines for older adults established by the
Canadian Society for Exercise Physiology recommend that adults engage in 150 minutes
of moderate to vigorous aerobic exercise per week, in bouts of 10 minutes or more30.
However, in recent update to the Canadian physical activity guidelines, 24-hour
movement guidelines were established29. These guidelines more broadly recommend that
older adults move more29. It is recommended that older adults engage in moderate to
vigorous physical activity, but these guidelines are recognizing the benefits of light
physical activity and standing time, encouraging older adults to reduce sedentary time29.
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Rather than requiring moderate to vigorous activity to be in bouts of 10 minutes or more,
the 24-hour movement guidelines suggest simply accumulating 150 minutes of moderate
to vigorous physical activity in the week and engage in several hours of light physical
activity including standing in a day29. The main message in the 24-hour movement
guidelines that sedentary behaviour should be replaced with additional physical activity
and light physical activity should be replaced with moderate or vigorous physical activity,
while preserving sleep, to achieve optimal health benefits29.
Aerobic exercise can include activities such as cycling, walking, and swimming to name
a few, and should be encouraged to reduce to risk of cardiovascular disease among many
other health conditions. The activity needs to be weight-bearing to have an effect on the
bones and needs to be high impact to have an effect on hip bone mineral density 31. A
2011 meta-analysis reported that, even though walking and Tai Chi may improve bone
mineral density (BMD) at the spine and wrist, exercise programs that are higher impact or
combine aerobic physical activity with resistance training may be more effective at the
hip32. Although activities like walking are often prescribed by healthcare providers to
people with osteoporosis, the Too Fit to Fracture recommendations suggest that aerobic
physical activity should not be done to the exclusion of resistance and balance training.
Healthcare providers should recommend a multi-modal intervention that includes
components of resistance, balance, and aerobic training to attenuate bone loss and reduce
the risk of falls and fractures 32-34.

1.1.4.2.1.2 Resistance Training
Resistance training can be described as performing muscle contractions against a
resistance, which can include working against gravity (using body weight as resistance)
or an external resistance (e.g., free weight, resistance bands)35.
Resistance training is an essential intervention for older adults to reduce the risk of
muscle loss, loss of muscle mass (sarcopenia), and address factors that contribute to
frailty36. Resistance training can help to improve physical functioning, mobility,
independence, chronic disease management, psychological well-being and quality of
life36.
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A position statement on resistance training for older adults was published in 2019 and
suggests that a resistance training should be performed in sets of 2-3 with 1-2
multijointed exercises per major muscle group and achieving 70-85% of their 1-repetition
maximum (1-RM), 2-3 times per week. The program should include power exercises
where the exercise is performed at a higher velocity but a lower load (40-60% of 1RM)36. All exercise programs should be individualized and progressed. A well-designed
program can help to improve muscle strength, power, and neuromuscular functioning of
older adults. These adaptations can translate to improved performance of activities of
daily living, reduce risk of falling, psychosocial well-being, and independence.
Resistance training programs should consider the individual’s functional capacity by
understanding their mobility and cognitive limitations and any chronic conditions36.
The evidence supports that a progressive resistance training program can improve muscle
strength in older adults. A Cochrane meta-analysis of 73 randomized control trials
showed a statistically significant improvement in muscle strength in older adult
participants (73 trials, n = 3059, standardized mean difference 0.84; 95%CI, 0.67–1.00)37.
Several studies have demonstrated a positive effects on spine BMD with high-intensity
resistance training 38, 39 or on both spine and hip BMD after combined training
programs40, 41. In another Cochrane review, resistance training or combined resistance
and aerobic training can increase spine (24 trials, n = 1441, standardized mean difference
0.85; 95%CI, 0.62 to 1.07) and hip (13 trials, n = 863, standardized mean difference 0.41;
95% CI, − 0.64 to 1.45) BMD compared to a control group in post-menopausal women
aged 45–70 years32.
For people with osteoporosis, exercise should include loadbearing activities at a moderate
to high intensity, targeting the hip, wrist, low back and femur, common sites of
fracturing, and should be progressive42. A randomized controlled trial of 101 women with
osteoporosis were randomly assigned to a high-intensity resistance training program or a
low intensity home based program. The primary outcome of the study was BMD as
measured by DXA. The adherence rate of the intervention group was 92%, and in the
control group adherence was 85%. A total of 15 participants were lost to follow up, with
6 in the intervention and 9 in the control, which would not be expected to influence the
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results. The Timed up and Go test was the only outcome measure that showed statistically
significant between group differences (4.4± 6.0% versus –1.7± 6.0%, p < 0.001; 95% CI
2.7% to 6.0% versus 3.3% to 0.3%). There were minor adverse events reported43.
The Too Fit to Fracture, osteoporosis exercise recommendations, created by Dr. Lora
Giangregorio in 2014, suggest that people with osteoporosis engage in a resistance
training program twice weekly challenging each of the major muscles groups, at a
moderate intensity of 8-12 repetitions27. Progression to higher intensity (e.g., less than six
repetitions maximum) may be appropriate for some individuals, with supervision by an
experienced exercise physiologist with strength and conditioning and osteoporosis
training, with consideration for the potential risks and benefits27. Spine sparing strategies
should be considered when performing all activities, and when transitioning between
exercises.

1.1.4.2.1.3 Balance
There is strong evidence supporting that exercise that involves a high challenge to
balance can prevent falls in older adults. The Too Fit to Fracture guidelines recommend
that adults with osteoporosis engage in 20 minutes of balance training daily. In a 2017
meta-regression, which included 88 trials with a total of 19 478 participants, evaluated
the most effective types of exercise for fall prevention revealed that exercise programs.
The pooled effect of exercise on fall rates in community- dwelling older people,
expressed as a rate ratio, was 0.79 (95% CI 0.73 to 0.85, p<0.001, I2 47%, 69
comparisons. As well, there was a greater effect in trials that were aimed to provide a
high challenge to balance (RRR=0.85, 95% CI 0.73 to 0.995, p=0.04, 28% of
heterogeneity explained), and 3 hours per week or more of exercise (RRR 0.77, 95% CI
0.65 to 0.91, p=0.003, 61% of heterogeneity explained) 33.
A high challenge to balance is defined as moving the center of mass, reducing the base of
support and reducing the amount of contact to support objects 44. Tai Chi is an example of
a high challenge balance activity. In a meta-analysis of studies using Tai Chi as the
intervention or a component of the intervention, there was a significant reduction in the
rate of falls in the participants 45. Balance can also be challenged by gradually reducing
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the base of support by someone transitioning from a position with their feet together, to a
semi-tandem stand, to a tandem stand and then to a single leg stand35. Manipulating the
sensory system is another way of challenging balance by having the participant stand
with their eyes close, standing on a foam pad to manipulate their proprioception or by
turning their head while standing 35. Balance can be further challenged by taking a static
exercise like tandem stand and making it dynamic by having the participant walk heel to
toe 35.
Balance training should be tailored to the individual to make it challenging to see an
improvement but not too challenging to cause a fall.

1.1.4.2.1.4 Spine Sparing Strategies
Spine sparing strategies are used to encourage individuals to reduce movements that can
increase the risk of vertebral fractures. One study, using a biomechanical model estimated
that an increase of 18% and 57% of vertebral compressive force in the lumbar and
thoracic spine respectively during changes of position from standing to 30 flexion 46.
Movements that involve rapid, repetitive, end-range, sustained or weight forward flexion
or rotation of the spine should be modified, when possible, to reduce the risk of vertebral
fractures. Lifting and lowering objects to the floor can also be considered risky and
measures should be put in place to avoid moving objects to or from the floor27.
Rather than performing spinal flexion or rotation, alternative movements can be done to
try to reduce the amount of load going through the spine. Rather than spinal flexion, a hip
hinge can be used. Hinging from the hip can reduce the spinal load drastically and reduce
the risk of anterior fracturing of the vertebrae47. Rather than twisting through the spine a
step to turn can be used, where the person takes several small steps moving their whole
body, instead of rotating through the torso.
Positional considerations should be accounted for when working with someone at risk of
fracturing. Sitting places, a higher load on the spine than standing and lying down off
loads the spine creating the smallest load. This is relevant when prescribing exercises to
someone with osteoporosis. Commonly, older adult exercise classes are done in a seated
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position to try to reduce the risk of falling, not considering that this position increases the
load on the spine, compounded by a potentially poor posture causing spinal flexion, and
then adding weight with a resistance band or a dumbbell48, 49. A safer alternative would
be to have the class taught in standing, with a chair nearby for balance support if needed.
Avoiding spinal compression fractures is particularly important due to the increase in
mortality and morbidity associated with vertebral fractures, but also due to the associated
postural changes. An accumulation of anterior wedge fractures can lead to a fixed
hyperkyphotic posture50. The hyperkyphotic posture leads to a change in the position of
body mass, pushing it closer to the edges of stability, which consequently increases the
risk of falling 51, 52 and future fracture.
From a clinical perspective, it is valuable to tell patients what they can do rather than
what they cannot do. Rather than telling patients to avoid bending through the spine,
encourage them to bend using the hip hinge. Patients at high risk of fracturing may
require help with some household activities, particularly in those individuals that have
vertebral fractures or gait and balance difficulties. As well, weight should be equally
distributed on both sides of the body. For example, when carrying groceries rather than
putting all the bags in one hand, equally distribute the weight in both hands.

1.1.4.2.2

Nutrition

Nutrition is an essential component for managing osteoporosis non-pharmacologically. If
nutrition is inadequate prior to beginning an exercise program it could lead to weight loss
losing not only fat but muscle and bone as well. This may not only limit the capacity to
build muscle strength with an exercise program, but could also lead to further bone loss,
exacerbating their osteoporosis.
Minerals, such as calcium, phosphorous, and magnesium; vitamins, such as vitamin D, A,
and K; and protein are important for bone health 53.
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1.1.4.2.2.1 Calcium
Adequate calcium either through food or supplements, is encouraged to maximize effects
of exercise on bone health 54. Current osteoporosis guidelines from the Institute of
Medicine suggest that adults 19 to 50 years should consume 1000 mg of calcium daily
while people older than 50 years, 1200 mg of calcium daily 28. Recommended calcium
doses consider both food and supplemental sources, but, ideally, the majority comes from
food.
In a study by Tai et al., in 2015, found that individuals that consumed 0.6-1.8% more
dietary calcium small increases in bone mineral density (BMD) over 1-2 years55. Calcium
supplements also were associated with increased BMD by 0.7-1.8%55. There was a small
decrease in the total number of fractures, and vertebral fractures, with a subsequent
increase in bone mineral density55. However, the increase in BMD is not likely to reduce
the risk of fractures. Another study also tried to determine if an increase in calcium could
reduce the risk of fractures and increase BMD but there was no effect56.

1.1.4.2.2.2 Vitamin D
Adequate vitamin D is encouraged to maximize effects of calcium and exercise on bone
health 54. Current osteoporosis guidelines suggest that adults 19 to 50 years should
consume 400 to 1000 IU of vitamin D, while people older than 50 years, 800 to 2000 IU
of vitamin D 28. Vitamin D should be consumed with calcium, to improve the absorption
of calcium, and to maintain calcium balance and bone mineralization. Inadequate vitamin
D can result in poor bone mineralization, as well as bone loss due to a rise in parathyroid
hormone levels [Aliya Khan].
A meta-analysis by Bolland et al., (2018) evaluated the effects of vitamin D
supplementation on falls, fractures, and bone mineral density in adults, and found that
vitamin D did not have an effect of the risk of fractures or falls and there was no
meaningful effect on BMD56. However, many of the studies included in this metaanalysis included participants that were not vitamin D deficient, so it’s unclear whether
those with vitamin D deficiency would have had improvements in fall, fractures, and
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BMD outcomes56. It’s unlikely that vitamin D alone will have a significant effect on falls,
fractures and BMD but likely has a large impact when used in combination with calcium
and through a multi-modal intervention that includes exercise and balance training as
well. One review looked at the combination of calcium and vitamin D on individuals
living in a long-term care home, and the study showed a significant benefit57.
Most Canadians have inadequate vitamin D levels and do require approximately 4002000 IU of vitamin D daily to reach a normal vitamin D level58. In those with
osteoporosis it is necessary to take adequate calcium and vitamin D as well as drug
therapy to significantly reduce fracture risk58.

1.1.4.2.2.3 Protein
Protein is an important macronutrient for people with osteoporosis to help maintain
muscle and bone strength. Proteins optimize levels of IGF-I, which stimulates bone
growth and increases calcium and phosphorus absorption in the gut contributing to
maintaining bone health 59. Protein gives bone its strength and flexibility and is an
important component of muscle development, which can help to reduce falls and
fractures. Data from the Framingham Osteoporosis Study suggested that lower protein
intake resulted in more bone loss at the spine and femur, when compared to higher
protein consumption 60. There are variations in protein intake and increased level of
protein above 0.8 g/kg of body weight/day is associated with increased BMD 61. With
age, the anabolic response to protein may decline, and the PROT-AGE Group
recommends 1.0–1.2-g protein/kg body weight per day for older adults, and more for
active individuals 62—a value higher than the recommended daily allowance (RDA).
Some older adults do not even meet the RDA. Malnutrition and low protein intake have
been associated with poor physical function 63. Therefore, alongside a recommendation to
participate in exercise should be a discussion about adequate protein and calorie intake.
For further information, please refer to: https://osteoporosis.ca/bone-healthosteoporosis/nutrition/.
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1.1.5

Falls and fracture prevention

Fall related injuries are the third leading cause of years lived with a disability64.
Approximately one in four community-dwelling adults over the age of 65 will experience
a fall and approximately half of these individuals will experience a second fall within the
year65, 66. One in ten falls lead to serious injuries including fractures67, resulting in a large
economic burden for the healthcare system68. While there are many known factors that
contribute to falls in older adults, the most modifiable risk factors for communitydwelling older adults includes: the use of drugs and polypharmacy, environmental
hazards, poor vision, and reduced lower extremity balance and strength. These risks
contribute to an impaired ability to perform daily activities69-72.
One strategy to reduce the number of falls in older adults is to identify modifiable
environmental risk factors by using home hazards assessment checklists. Robust evidence
from a meta-analysis demonstrated that a home safety intervention could reduce falls by
39% amongst at-risk seniors73. In a traditional home safety assessment, a therapist scans
the home using a fall-hazard checklist to identify potential hazards73-76. Therapist home
visits to identify and remediate hazards within the home may be considered a goldstandard method for the prevention of secondary falls and fractures but may not always
be feasible due to cost or availability of professionals 77. Other strategies to reduce falls in
the home are through falls hazards identification programs. An operational definition of a
fall hazards program is a program that identifies any environmental agent that results in
the person coming to rest on the floor, ground, or a lower level. These programs may
involve using a self-directed checklist or are administered by an allied health professional
to help identify potential falls hazards. Conversely, a Guideline for the Prevention of
Falls in Older Adults suggested that home modification alone was not sufficient for
reducing falls78, and a multifactorial intervention may be the best strategy79.
In a scoping review by Ziebart et al., (2020) looking at the state of the literature for fall
hazard identification programs, there were several gaps identified in the literature80.
There is very little qualitative research on fall hazard identification which leaves a gap in
understanding in-depth thoughts, feelings, attitudes and behaviours of the individuals
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involved in the fall hazard programs80. There is also no clear definition on fall hazards,
making it more challenging to operationalize and integrate interventions into practice80.
Finally, it would benefit falls researchers to develop a theoretical framework on fall
hazard identification to help with the implementation of the interventions80. A metaanalysis also conducted by Ziebart et al., in 2020, Pooled estimate effects from 5 studies
assessing the incidence rate of falls from 3,019 individuals indicated no difference
between fall hazards identification programs and control (Incidence rate ratio IRR = 0.98,
95% CI: 0.87 to 1.10)81. The full study is presented in this thesis as Chapter 2.
Another strategy to reduce the risk of falls is through exercise. Two meta-analyses have
been conducted showing strong evidence that exercise can reduce falls in older adults.
Home-based or group-based exercise programs that emphasize balance training and a
higher overall dose of exercise or include exercises from more than one of the following
categories: gait/balance/functional training, strength/resistance training, flexibility, threedimensional training like Tai Chi, general physical activity, endurance training, or other,
were able to significantly reduce falls82, 83. Both reviews suggested that walking or
resistance training alone may not have a significant effect on falls82, 83.

1.2
1.2.1

Distal Radius Fractures
Description of DRF

A distal radius fracture is referred to as a broken wrist to the lay audience. It can occur
from a fall on an outstretched hand, especially in adults with compromised bone mineral
density. It is recommended that older adults after sustaining a broken wrist are
investigated for decline in bone mineral density, since 85% of elderly women with a DRF
have decreased bone mineral density and 51% have osteoporosis84. The decline in bone
mineral density can lead to further instability with the fracture, where 50% of people
post-DRF are at risk of secondary displacement after a closed reduction and splinting,
and the risk of displacement increases with age85. Conservative treatment alone may not
be sufficient for this population, because of the high the risk of loss of fracture reduction.
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1.2.2

Epidemiology

Distal radius fractures (DRFs) represent the highest annual incidence of total orthopedic
fractures,86, 87 accounting for 1/6 of all emergency-department visits88, 89 in North
America. Consequences related to DRFs include pain and functional limitations that have
been reported to occur in acute and chronic phases of recovery 90-92. Prior estimates
indicate that 16% of those with DRFs continue to report pain 1 year post fracture,93, 94
with some experiencing pain for 2, 6, and 10 years post fracture95, 96. Reducing pain and
improving hand and wrist function are two important treatment goals in people
recovering from a DRF, which can be achieved with therapeutic exercise.

1.2.3

Burden of the Disease

Recovery following DRF appears to follow different trajectories. Some patients maintain
sufficient muscle strength and range of motion to require no time off from work, whereas
others require more than 1 year away from employment.90 Varying courses of recovery
may be related to soft-tissue injuries around the wrist.97-99
Recent studies have placed the focus on gender-stratified analyses, resulting from
evidence of increased DRF incidence in females100, 101. A study by Dewan et al. examined
longitudinal trends of patient-rated wrist evaluation (PRWE) scores in males and females
and found no difference in functioning or pain at either baseline or 1 year post fracture;
however, male subjects were significantly younger than females,102 potentially
confounding results. The authors highlighted the need for replication to assess pain in
men and women across different age categories102. Identifying differences in trajectories
of pain resolution between genders could optimize allocation of pain-management resources and improve outcome expectations.
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1.2.4
1.2.4.1

Management
Surgical

Surgical management of a DRF in older adults may be appropriate because of the risk of
re-displacing the fracture. One study suggested that there is a re-displacement rate of 30%
after plaster cast treatment during the first 10 days and another 29% after 10 days.
However, despite radiographic evidence of a re-displacement, conservatively
management patients demonstrate excellent functional recovery103.
There are several surgical techniques that can be used to manage DRFs. Pinning and
plaster is a non-invasive strategy to reduce a fracture. In a study looking at 92 patients, 2
of the patients experienced minor infection, and 4 experienced complex regional pain
syndrome104. K-wires is another strategy and was compared to pinning in a study of 100
participants. Functional and radiographic outcomes were significantly better in those
treated with the K-wire than those treated with pinning105. External fixation is another
strategy that might be an appropriate surgical intervention for older adults after a distal
radius fracture 84. In a study of 67 patients, there were good to excellent results according
to the Gartland score. However, there was a mean loss of 2mm in the radial length, but
the participants maintained their wrist function106. In patients with an unstable DRF, an
allograph was used in conjunction with the external fixation, but there was a complication
rate of 17% despite subjective satisfaction with the procedure107. External fixation with
cancellous grafting has been used for the treatment of unstable communicated fracture
with positive subjective and functional outcomes108. In patients that experience a bone
void after the fracture a graft such as an autograft, allograft or a bone substitute may be
used84. Bone cement is an example of a bone substitute, but showed no difference in
function, pain, range of motion or grip strength, compared to nonsurgical treatment. In a
study with 20 participants with a re-displaced distal radius fracture, and 3 participants
reported complications with cement extrusion into the dorsal soft tissue109. Finally, a
common surgical intervention for older adult’s post DRF is an open reduction and
internal fixation. In a study comparing internal fixation to K-wire there was a significant
quicker return to activity of daily living in the internal fixation group compared to the K17

wire group 110. There were complications such as sensory nerve irritations, carpal tunnel
syndrome, complex regional pain syndrome, secondary fracture, and tendon lesions in
25% of the participants. The plate fixation group also experienced complications such as
superficial wound infections, superficial nerve irritations, carpal tunnel syndrome,
secondary fracture dislocations and intra-articular screw positions in 26% of the
participants110. However, other studies of internal fixation have demonstrated very few
complications and excellent functional outcomes111-113. An advantage of internal fixation
is the allowance of early wrist mobilization114.

1.2.4.2

Rehabilitation

Rehabilitation programs after a DRF might include therapeutic exercises such as:
improving range of motion (ROM), increasing strength, and reducing pain. Therapeutic
exercises after a fracture are routine and more consistently implemented than passive
treatment options. In a survey of 157 physical therapists, 97% of therapists prescribed
active rehabilitation, which involved patients being prescribed a combination of strength,
and ROM exercises, followed by supervised range of motion (64%)93.
Therapeutic exercise can have several benefits to the body structure and function
including restoration of joint mobility, muscle function, motor control, and as adjunct to
management of pain and edema. In a RCT of 74 patients after a DRF, one group received
home care and the other received supervised physiotherapy. Results demonstrated that the
supervised physiotherapy group showed statistically significant improvements in the
scores on the PRWE at 6 weeks (17.67 points, p<0.001) and 6 months (17.05 points,
p<0.001)115. In contrast, in a randomized controlled cohort study of 48 participants after a
surgically treated DRF, compared grip strength, ROM and PRWE scores of patients
receiving physiotherapy or a home-based exercise program116. The results showed that
the participants receiving the home program improved more than the physiotherapy
group. The home treatment group improved their grip strength by 54% (p=0.003), and
ROM in extension and flexion reached 79% (p<0.001) of the uninjured side 116.
Furthermore, ulnar and radial deviation was also higher in the home program group116.
Participants who were treated by a physical therapist, achieved grip strength of up to
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32%, and ROM in extension and flexion of 52% of the uninjured side116. Additionally,
when patients experienced the natural course of recovery after a DRF, significant
improvements in pain scores, ROM, and grip strength were seen in a study of 49 women
after a DRF with no intervention117. Although patients are being advised to engage in
exercise, not all studies agree on what the benefits of exercise are, the best mode of
delivering the exercise (supervised versus not), or whether similar results would be
achieved when allowing the patient to recover according to the natural course.
Optimizing recovery after DRF is a major concern and has been addressed in multiple
primary studies118-123, and systematic reviews124-126. In an overview of systematic reviews
looking at the use of therapeutic exercise for recovery after a DRF, the most consistent
finding was a benefit of therapeutic exercise for recovery of wrist ROM, pain, and grip
strength127. This suggested that therapeutic exercise should be a part of the treatment for
adults with a DRF. The full manuscript is presented in Chapter 3 of this thesis.

1.3

Gaps

Despite the strong research evidence supporting exercise in people with osteoporosis,
there remains a gap in targeting individuals at the first sign of developing osteoporosis,
such as those around the age of 50, and those that had a fragility distal radius fracture.
Further, very few studies have empirically assessed what people with osteoporosis’
preferences are for exercise. There is evidence to support a variety of modalities, but it’s
not clear what the patients prefer. Finally, disseminating information about osteoporosis
and fracture prevention continues to be a priority to try to reduce the risk of future more
debilitating osteoporotic fractures. It’s not currently clear where people with osteoporosis
go to get information about managing their disease. This thesis aims to fill these
knowledge gaps.

1.4

My thesis

My thesis aimed to bring together the management of osteoporosis and distal radius
fractures to not only help patients recover from their recent fracture, but to help to reduce
the risk of more debilitating fragility fractures of the hip and the spine. The primary goal
19

of my thesis was to develop an intervention to target individuals after a distal radius
fracture, at risk of developing osteoporosis and see whether the intervention is feasible by
assessing recruitment, retention, and adherence to the program. Several subprojects were
conducted to inform the exercise and education portions of the intervention. Below is a
summary of the projects included in this thesis, as well as several other projects that went
into the development of the program but were excluded from the thesis.
It should be noted that this project was initially conceptualized to be a group exercise
class that would take place a St. Joseph’s Health Center in the physiotherapy department.
Ethics approval was granted, and recruitment began in November of 2019. While waiting
for the participants that were recruited to be cleared for exercise, the pandemic hit and it
was clear that to complete this project, an entire reconceptualization would have to be
done. We decided to make the program an online, home exercise intervention, where
participants would follow along with pre-recorded videos to do the exercise program and
watch pre-recorded videos for the education program. I was able to recruit my parents as
exercise models, to make the models age and gender matched to the participants, while
still maintaining our COVID safe bubble. We hired a student to help edit the education
videos and a professional video editor to help edit the exercise videos. Although I was
prepared to begin my recruitment with enough time to recruit participants for 12 months,
have a 12 month follow up and defend my thesis with a full dataset, my project was
delayed by 12 months to make the pivot to the online program. I am very proud of the
team and very grateful for the help I received to move the project forward. I am pleased
to be able to confidently report on the recruitment, and adherence, but ran out of time
prior to the defense to report on 12 months of retention for all the participants. Data
collection is ongoing, and a final manuscript will be written in March of 2023 when all
the participants have completed their 12 month follow up visit.
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1.4.1
1.4.1.1

Overview of Projects
Papers included in the thesis

Chapter 2: Ziebart C, MacDermid J, Bobos P, Furtado R, Bryant D, Szekeres M, Suh N.
(2020) The efficacy of fall hazards identification on fall outcomes: A Systematic Review
with Meta-Analysis. Archives of Rehabilitation Research and Clinical Translation, DOI:
https://doi.org/10.1016/j.arrct.2020.100065

Chapter 3: Ziebart C, Nazari G, MacDermid J., (2019) Therapeutic Exercise for Adults
Post Distal Radius Fracture: An Overview of Systematic Reviews of Randomized
Controlled Trials. Hand Therapy 24(3) 69-81
Chapter 4: Ziebart C, MacDermid J, Bryant D, Szekeres M, Suh N, Khan A. (2020).
Exercise Preferences for People with Osteoporosis, Identifying Barriers, Facilitators,
Needs and Goals of Exercise. J Osteopor Phys Act, Vol. 8 Iss. 2 No: 221
Chapter 5: Ziebart C, MacDermid JC, Furtado R, Pontes, T., Szekeres M, Suh N, Khan
A. (2022). An Interpretive Descriptive Approach to Understanding Osteoporosis
Management from the Perspective of People with Osteoporosis. International Journal of
Qualitative Studies on Health and Well-being. [accepted, in press]
Chapter 6: Ziebart C, MacDermid J, Bryant D, Szekeres M, Suh N. Hands Up Program:
results of a feasibility study of a randomized controlled trial exercise and education
program for adults aged 50-65 post distal radius fracture

1.4.1.2

Papers that contributed to program development but were
excluded from the thesis

Ziebart, C., MacDermid, J., Bryant, D., Szekeres, M., & Suh, N. (2021). Hands-Up
program: protocol for a feasibility randomized controlled trial of a combined 6-week
exercise and education intervention in adults aged 50–65 with a distal radius
fracture. BMJ open, 11(7), e046122.
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Ziebart C, Dewan N, Tuazon J, MacDermid JC. (2021). Development of the
Comprehensive Fall Hazard Checklist. Rehabilitation Research and
Practice, vol. 2021, Article ID 5362197,7 pages, 2021.
https://doi.org/10.1155/2021/5362197

Ziebart C., MacDermid J, Bobos P, Furtado R, MacDermid-Watts S, Bryant B, Szekeres
M, Suh N. (2020) Fall Hazard Identification: A Scoping Review. Physical and
Occupational Therapy in Geriatrics, DOI: https://doi.org/10.1080/02703181.2020.1806424
Ziebart C, MacDermid JC, Furtado R, Pontes T, Szekeres M, Suh N, Khan A. (2022). A
phenomenological approach to understanding the barriers, facilitators, and goals of
getting knowledge about osteoporosis treatment from patients with osteoporosis. BMC
Family Medicine [under review]
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2.1

Lay Summary

The efficacy of fall hazards identification on fall outcomes: A
Systematic Review with Meta-Analysis
We wanted to know if there was a different in the number of falls in people that had their home assessed
for potential fall hazards.
What is the problem?
Falls are a common reason for older adults to injure
themselves and can often lead to death. Approximately one in
four adults living in the community (for example, not living in
a long-term care home) over the age of 65 will fall, and half of
these people will have a second fall in the same year.

How did the team study the
problem?

Although there are a lot of things that can lead to a fall,
evaluating someone’s home isn’t a very common strategy, but
it should be. A lot of older adults spend a lot of time in their
home, so it’s important to see if identifying these fall hazards
can decrease the number of falls.

We did a search of studies that have already been published and pulled all the results together to see if there
is an effect of identifying home fall hazards compared to not identifying the home hazards. We were
looking at studies that included people over the age of 50. We search a variety of different databases to
make sure we didn’t miss any of the published studies. Then we used statistics to pool the data to get an
understanding of the overall effect of home fall hazard programs.
What did the team find?

We found 8 studies, and when the studies were checked for their quality, it was low. The statistical test
showed that there was no different between fall hazard identification programs compared to the control
group, but people in the intervention group were able to better notice the hazards in their homes.
How can this research be used?

We can start to understand how important it is to help older adults recognize fall hazards in their homes
and continue to build studies to better evaluate these risks, to hopefully reduce the number of falls older
adults have.
Cautions

The quality of the studies was low and there weren’t very many, so more studies are needed.
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2.2

Abstract

Objective: To investigate the efficacy of fall hazards identification programs when
compared to no intervention or other fall prevention programs on number of falls, falls
incidence, and identifying fall hazards, in community dwelling adults
Data Source: CINHAL, PubMed, EMBASE, Scopus, and PsychINFO were used to
identify articles.
Study Selection: Studies were selected to compare fall hazards identification programs to
a control group. Studies were eligible if they were randomized controlled trials (RCTs)
and enrolled adults over the age of 50 with the incidence rate of falls as an outcome.
Data Extraction: Study/authors, year, sample characteristics, intervention/comparison
groups, number of falls, and number of hazards identified in the intervention and control
groups, and follow-up were extracted. The risk of bias assessment was performed using
the Cochrane Risk of Bias tool. Quality was evaluated with GRADE approach per
outcome.
Data Synthesis: A total of 8 studies (n=8) and 5,177 participants were included. There
was a high risk of bias across the studies mostly due to improper blinding of personnel of
the outcome assessor. Pooled estimate effects from 5 studies assessing the incidence rate
of falls from 3,019 individuals indicated no difference between fall hazards identification
programs and control (Incidence rate ratio IRR = 0.98, 95% CI: 0.87 to 1.10).
Conclusions: The current study suggests that there may be a benefit for fall hazards
programs in reducing incident falls. However, due to a moderate GRADE rating, more
large-scale studies with a higher number of falls events and more consistent control
groups are required to determine the true effect.
Keywords: Falls, Fall Hazards, Fall Risk, Home Hazards, Environmental Hazard
List of Abbreviations:
IRR= Incidence rate ratio
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2.3

Introduction

In North America, an older adult is admitted to the emergency room because of a fall
related injury every 13 seconds and dies from a fall every 20 minutes64. According to the
World Health Organization (WHO) report on global burden of disease, fall related
injuries are the third leading cause of years lived with a disability64. Approximately one
in four community-dwelling adults over the age of 65 will experience a fall and
approximately half of these individuals will experience a second fall within the year65, 66.
One in ten falls lead to serious injuries including fractures67, resulting in a large economic
burden for the healthcare system68, and a reduction in the confidence of the performance
of daily activities.
While there are many known factors that contribute to falls in older adults, the most
modifiable risk factors for community-dwelling older adults includes: the use of drugs
and polypharmacy, environmental hazards, poor vision, and reduced lower extremity
balance and strength. These risks contribute to an impaired ability to perform daily
activities69-72.
One strategy to reduce the number of falls in older adults is to identify modifiable
environmental risk factors by using home hazards assessment checklists. Robust evidence
from a meta-analysis demonstrated that a home safety intervention could reduce falls by
39% amongst at-risk seniors73. In a traditional home safety assessment, a therapist scans
the home using a fall-hazard checklist to identify potential hazards73-76. Therapist home
visits to identify and remediate hazards within the home may be considered a goldstandard method for the prevention of secondary falls and fractures but may not always
be feasible due to cost or availability of professionals 77. Other strategies to reduce falls in
the home are through falls hazards identification programs. An operational definition of a
fall hazards program is a program that identifies any environmental agent that results in
the person coming to rest on the floor, ground, or a lower level. These programs may
involve using a self-directed checklist or are administered by an allied health professional
to help identify potential falls hazards. Conversely, a Guideline for the Prevention of
Falls in Older Adults suggested that home modification alone was not sufficient for
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reducing falls78, and a multifactorial intervention may be the best strategy79. It is not clear
whether these home modifications addressed identification of home hazards, or just to
reduce falls. Therefore, this systematic review will address both number of falls and fall
hazard identification to evaluate the efficacy of fall hazard programs. The purpose of this
paper was to investigate the efficacy of fall hazards identification programs when
compared to no intervention or other fall prevention programs on number of falls, falls
incidence, and identifying fall hazards, in community dwelling adults.

2.4

Methods

We used the guidelines from the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) and Cochrane collaboration guidelines for this systematic
review and meta-analysis128.

2.4.1

Eligibility Criteria

Studies were included in this review if the following criteria were met:
•

Design: randomized controlled trial (RCT), grey literature was permitted

•

Participants: adults over the age of 50

•

Intervention: Fall hazards identification program, either therapist led or selfdirected

•

Comparison: No intervention, or alternative fall prevention program

•

Outcomes: number of falls, incidence of falls, number of recurrent falls, fall
hazard identification

Studies that had no full text available were excluded from this systematic review. This
review has been registered on PROSPERO: CRD42019133515

2.4.2

Information Sources

A systematic electronic search of the literature was performed in June 2019, in CINHAL,
PubMed, EMBASE, Scopus, and PsychINFO with no date restrictions. The following key
words and MeSH terms were used to identify potentially relevant studies: “falls”, “falls
hazards”, “environmental hazards”, “adults”, “older adults”, “randomized controlled
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trials”, “RCT”. In addition, we conducted a manual search of the reference lists of the
included studies to identify any potential studies missed in the electronic search. The
complete search strategy is summarized in Appendix 1.

2.4.3

Study Selection

The selection of individual studies involved two independent reviewers (two authors)
performed the systematic electronic search of the databases. The two reviewers identified
potentially relevant articles, removed duplicates, and then screened titles and abstracts.
The full text of any study marked include or uncertain was obtained and the eligibility
criteria were applied.

2.4.4

Data Collection Process

Two independent researchers (two authors) extracted the data from the eligible included
studies, and one researcher (one author) crosschecked the extracted data. Data extraction
included: study/authors, year, sample characteristics, intervention/comparison groups,
number of falls, and number of hazards identified in the intervention and control groups,
and follow-up.

2.4.5

Assessment of Risk of Bias in Individual Studies

Two independent review authors assessed the included RCTs for risk of bias and one
researcher crosschecked the risk of bias assessment. The risk of bias assessment was
performed using the Cochrane Risk of Bias tool129. The Cochrane Risk of Bias tool is
based on 7 items, random sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment, incomplete outcome data,
selective reporting and other bias129. The adequacy of each of the seven risk of bias
domains was rated as “low”, “unclear” or “high” risk according to criteria provided in the
Cochrane Handbook for Systematic Reviews of Interventions129. We summarized the
assessment of risk of bias per study as Low risk of bias (if low risk of bias was judged for
all the seven domains); as Unclear risk of bias (if unclear risk of bias was judged for one
or more of the seven domains); and as High risk of bias (if high risk of bias was judged
for one or more of the seven domains)129.
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2.4.6

Quality of Outcomes

The GRADE guidelines for systematic reviews were used to evaluate the quality of
outcomes (fall incidence risk ratio). The GRADE approach includes assessing risk of bias
for study limitations, consistency, publication bias, imprecision, and indirectness130-135 for
the body of included literature. The rating of the quality of individual RCTs per outcome
across trials was carried out to indicate the degree of our certainty (high, moderate, low,
or very low) at the total effect estimates 130-135.

2.4.7

Synthesis of the Results

Our primary outcome, number of recurrent falls, was a count outcome. It follows a
Poisson distribution, and therefore we used the appropriate meta-analytical approach, an
inverse-variance method, by applying a fixed effect and a random effect to estimate the
pooled incidence rate ratio (IRR). Three different methods (Cochran’s Q, Higgins, and
Thompson’s I2 and tau-squared (τ2) were used to calculate statistical heterogeneity of the
pooled IRR estimates. Based on Higgins et al. statistical heterogeneity was classified as
low (I2 = 25%), moderate (I2 = 50%) or substantial (I2 = 75%) 136, 137. Forest plots with
95% confidence intervals (CI’s) were utilized to illustrate the IRR estimates and
publication bias was assessed with funnel plots. All the data analysis was conducted with
R (version 3.6.1) and the “meta” package138.

2.4.8

Subgroup Analysis and Exploring Heterogeneity

In the presence of statistical heterogeneity in the meta-analysis, we planned to investigate
it quantitatively with meta-regression (a priori) by considering the following study
characteristics: allocation concealment, sequence generation (low, high, or unclear risk of
bias) and year of publication. Selecting studies with similar, interventions and controls
reduced clinical heterogeneity.
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2.5
2.5.1

Results
Study Selection

Initially, our search generated 1156 articles. After removal of duplicates and title and
abstract screening 35 articles remained for full-text review. Of these, 8 of the studies met
the eligibility criteria. The study selection flow chart is presented in Figure 1.

Figure 1: Flow diagram of the selection of studies. RCT= Randomized controlled trials
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2.5.2

Study Characteristics

The 8 eligible RCTs were conducted between 1999 and 2018 and included 1543
participants. The study size ranged from 67 to 570 participants. All trials were conducted
on adults over the age of 50. A summary description of the included RCTs is displayed in
Table 1.

2.5.3

Interventions and Comparators

The studies included in this review were fall hazards identification programs. Most of the
programs involved having a professional visit the house of the participant and identify
potential fall hazards. However, two studies 139, 140 also included an exercise intervention
with the home hazard identification program, and another study included additional fall
prevention interventions such as measuring blood pressure, ensuring adequate nutrition as
well as an exercise intervention 141. The comparator groups consisted of usual care after a
fall 139, 142, 143, self-directed fall hazard assessment 144, a short discussion with a physician
around falls 141, or no intervention at all 145, 146. See Table 2 for further intervention and
comparator descriptions.

2.5.4

Excluded Studies

Of the 35 studies that were deemed relevant for full-text review, 27 articles were
excluded for the following reasons:
1. Ineligible study design (n=24) 76, 77, 147-166
2. Ineligible intervention- RCT (n=3)74, 167, 168

2.5.5

Risk of Bias

The risk of bias assessment of the individual studies is presented in Figure 2. Selection
bias was rated as low risk in four studies 140, 142, 143, 146, unclear risk in two studies 139, 141,
and high risk in two studies 144, 146, which was the same for allocation concealment.
Performance bias, specifically blinding of participants was rated as low risk in one
study146, unclear risk in two studies 140, 142, and high risk in five studies 139, 141, 143-145, and
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blinding of personnel was rated as low risk in two studies 142, 146, unclear bias in one study
140

, and high risk in five studies 139, 141, 143-145. Detection bias was rated as low risk in four

studies 140, 142, 143, 146, unclear bias in one study141, and high risk of bias in three studies 139,
144, 145

. Attrition bias was rated low risk of bias in all the studies. Selective reporting bias

was unclear in all but two studies 139, 143, and other sources of bias were rated as low risk
in all but three studies where it was rated as unclear risk 141, 145, 146.

Figure 2: Risk of bias summary: review authors'
judgements about each risk of bias item for each
included study.
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2.5.6

Participants

Data from a total of 5177 adults enrolled in a falls hazard identification program were
included in this systematic review. The average age across all participants was 76, and
most of the participants (76%) were female (Table 1).
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Table 1: Study descriptors

Author

Cumming

La Grow

Year

1999

2006

Country

Australia

New
Zealand

Study
Design

RCT

RCT

Mean Age

Mean Age

Intervention

Control

Group

Group

76.4 (7.1)

77.2 (7.4)

Not

Not

applicable

applicable

N (males)

530 (227)

Primary

Program

Outcome

Length

Number of falls

1 visit

12 months

25

73%

Number of falls

1 visit

6 months

59

90%

20

83%

Follow-Up

Drop Out
(n)

Adherence

391 (not
applicabl
e)
4 weeks, 120

Kamei

2015

Japan

RCT

75.7 (6.7)

75.8 (6.4)

130 (20)

Overall and

minutes

indoor fall

each

reduction

session, 4

3 month and
12 months

sessions

Stevens

Stevens

2001
b
2001
a

Australia

RCT

Australia

RCT

1737

76

76

Not

Not

applicable

applicable

RCT

74.5 (6.8)

76.1 (7.5)

268 (87)

RCT

79.0 (7.7)

80.6 (7.0)

217 (64)

(829)

570

Malaysia
Tan

2018

and
Australia

de Vries

2010

Netherland
s
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Number of falls

1 visit

12 months

264

74%

Home hazards

1 visit

11 months

43

Not clear

1 visit

12 months

22

not clear

2 home

3, 6, 12

visits

months

25

54.70%

Falls for 12
months

Not clear

Compliance in
the hazard
Duff

2010

USA

RCT

74.6

74

96 (11)

remediation
recommendatio
ns

35

10 weeks

10 weeks

Not clear

50%

Table 2: Intervention Characteristics

Author

Cumming

Year

1999

Main Inclusion

Main Exclusion

Criteria

Criteria

Intervention Details

Comparator Details

An occupational

Received usual care

Cognitive

therapist assessed the

post-fall incident. Did

Age 65 or older living

impairment, or

home for hazards, and

not receive a home

Home visits by an occupational

in the community

unable to speak

provided the

visit by an

therapist can reduce falls

English

participant with home

occupational

modifications

therapist

Inability to sign
the consent or

de Vries

2010

Living independently

cognitive

or in an assisted

impairment,

living facility that had

having a fall due

experienced a fall

to occupational or
traffic, and acute
disease

Community dwelling
Duff

2010

ambulatory elderly
individuals

What the study reported

Risk of Bias

Low Risk

During the 1-year follow-up, 55
Multidisciplinary

intervention participants (51.9%) and

intervention consisting

62 control participants (55.9%) fell at

of several therapies

Usual care, treating

least once. Intention-to-treat analysis

and recommendations,

the consequences of

showed no significant treatment

home training to

the fall

effect on the time to first fall

improve balance and

HR=0.96, 95% CI= 0.67, 1.37 or time

strength

to second fall HR= 1.13, 95% CI=

Low Risk

0.71, 1.80

Less than 65 years
of age or older
than 90 years of
age, illiterate or

36

Self-administered
home hazard
identification, done at
baseline and 24-48
hours after baseline, a

Non-expert selfassessment
performed by the
subject.

Great variation in the proportion of
recommendations implemented
across the three assessment groups
ranging from 0% to 100%. The
proportion of implemented was

High Risk

cognitively

professional

consistently lower for

impaired

assessment was

recommendations on fixed structural

completed, and

domains than non-fixed domains

followed up after 10
weeks
Exercise intervention
An occupational

Over the age of 75,

therapist assessed the

had a low distance
La Grow

2006

visual acuity, and

home for hazards, and

Not clear

provided the

lived in the

participant with home

community

modifications

of the Otago
Exercise Program
modified for those
with severe visual
acuity loss, with

A reduction in falls of elderly people
with severe vision loss was not
restricted to falls associated with an

Low Risk

environmental hazard

vitamin D
supplementation.

5-15 minutes of
Older adults over the
age of 65, living in
Kamei

2015

their own residence,
and cleared by their
physician to exercise

physical and mental
low cognitive

assessment interviews;

function or

blood pressure check;

inability to

30 minutes of

exercise

education regarding
fall risk factors, food
and nutrition, foot self-

37

The HHMP group achieved a 10.9%
The control group
was given a short talk
on health and aging
by a physician
researcher

reduction in overall falls compared
with eh control group (hazard ratio=
0.591, 95% CI= 0.305-1.147). Falls
occurring in the home at 52 weeks
were reduced by 11.7% in the HHMP
group HR= 0.397, 95% CI= 0.1511.045

Unclear Risk

care; 60 minutes of
exercise for strength
coordination and
balance; a residential
safety self-assessment
checklist
A nurse provided home
modifications through
a home hazard

Stevens

2001a

Able to read and

Had not

assessment,

speak English, could

previously made

installation of safety

make home

home

devices, and an

modifications

modifications

educational strategy to

Home hazard assessment and
No home hazard

modifications are insufficiently

assessment and no

potent or targeted to reduce the

intervention

incidence of falls in healthy older

High Risk

people

empower seniors to
remove or modify
home hazards

People aged 70 and
Stevens

2001b

older living in the

Not clear

community

38

A trained registered

The control group

Removal of hazards is the optimum

nurse provided home

received the home

solution; existing structural hazards

hazard assessment,

visit but no specific

cannot be readily removed and must

provided advice on

advice on home

be modified. The effectiveness of

home modification,

modifications

safety devices to reduce the fall risk

Low Risk

Community-dwelling
individuals aged 65
years and older with
Tan

2018

a history of 2 or more
falls, or one injurious
fall over the last 12

and helped install

associated with these hazards as not

safety devices

been ascertained

Participants were

Conventional

engaged in a modified

treatment and health

Otago exercise

advice

Clinically

program, visual

diagnosed

intervention, home

dementia or

environmental

inability to stand

modification,
medication review and

months

cardiovascular
intervention

39

No reduction of fall recurrence, rate
of fall or time to first fall were
observed over a 12-month follow-up

Unclear Risk

Table 3. GRADE Evidence Profile: Fall Hazards Identification Program vs. Control.
Quality Assessment
Outcome

Limitations

Summary of Findings
Inconsistency

Indirectness

Imprecision

Publication Bias

Fall Hazards

Control

(No. of

IRR

Quality

(95 % CI)

studies;
design)

Number of

No Serious

No serious

Serious

No serious

falls compiled

limitations

inconsistency

indirectness

imprecisions

Unlikely

520/1203

702/1816

Fixed effect

[0.87; 1.10]
(5 RCTs)

Random
effects model
0.98 [0.87;
1.10]
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⊕⊕⊕⊝

model: 0.98
Moderate

Table 4 Summary of Findings. Fall Hazards Identification Program vs Control in Adults.
Population: adults
Intervention: fall hazards identification program
Comparison: control
Outcome: falls

IRR

No of participants

Study

Quality of the evidence (GRADE)

(95% C.I.)
Fixed effect model
0.98 [0.87; 1.10]
Overall Effect

Random effects
model 0.98 [0.87;
1.10]
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4109

⊕⊕⊕⊝
Moderate3

1We

downgraded by one level due to high risk of bias.

2We

downgraded by one level due to a relatively small sample size.

3We

downgraded by one level due to indirectness.

4

We downgraded by one level due to publication bias.

5We

downgraded by one level due to inconsistency.

GRADE quality of evidence:
High quality: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different.
Low quality: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.
Very low quality: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.
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2.5.7

Outcomes

The main outcome was to reduce the number of falls139, 140, 142, 146. One study specified
reducing the number of falls both indoors and outdoors141. Two studies wanted to reduce
the number of home hazards after the intervention144, 146. For one study, the primary
outcome was unclear143 (Table 1).

2.5.8

Timeframe

Five of the studies followed the participants for one year. One study followed the
participants for 11 months, one study for 6 months and one study for 10 weeks. However,
the actual program length was often only one visit, which was seen in 5 of the studies.
One study provided two visits; one study engaged the participants for the full 10 weeks,
and one study provided a program, which included 4 sessions (Table 1).

2.5.9

Meta-Analysis of the Incidence of Falls

Five studies were included in the meta-analysis (Table 3 and 4). Figure 3 shows the rates
of falls between the fall identification programs and usual care during the follow-up of 12
months. The total estimate of IRR with a fixed effect model or with a random effects
model produced similar results (IRR 0.98, 95% CI: 0.87 to 1.10), which were not
statistically significant indicating no benefit. Heterogeneity was absent from the metaanalysis with all the heterogeneity statistics confirming this (τ2= 0%; Chi2= 0% and I2=
0%). The funnel plot, with all the studies hovering around the 1.0 IRR, indicates no
evidence of publication bias (Figure 4).

43

Figure 3: Meta-analysis of studies comparing the incidence of falls between the intervention and
control groups

Figure 4: Funnel plot of studies comparing the incidence of falls between the intervention and
control group
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2.5.10

Qualitative Synthesis of Home Hazard Identification

Two of the studies reported on using fall hazard programs to reduce the number of fall
hazards in the home. The study by Duff (2001) had three groups, one self-administered
the home hazard identification, the second had a health care professional administer the
hazard identification, and the third group did it both independently and with a healthcare
professional144. The first group identified 237 home hazards and 56% of those were
implemented; the second group identified 590 home hazards and 45% of those were
implemented, the final group identified 871 hazards and 51% were implemented144. The
study by Stevens et al (2001), noted that the intervention group took more care to reduce
the number of home hazards for all of the hazards assessed 146. For example, 78% of the
intervention group installed grab rails, while only 6.7% of the control group did; and 78%
of the intervention group improved poor lighting, compared to 70% of the control
group146.

2.6

Discussion

This systematic review and meta-analysis found no benefit for fall hazards programs on
falls incidence rate or number of falls but suggests a potential benefit in identifying fall
hazards in community dwelling adults over the age of 50. Our meta-analysis showed no
statistical difference in falls incidence rate between participants in falls hazards
identification interventions and participants who received a control intervention, which
included usual care, education intervention or no intervention. Although there was no
statistical significance, the greater number of fall hazards identified in the intervention
groups suggests a potential improvement in clinical significance. The quality of included
studies was low to moderate and was usually downgraded because of high risk of bias
and imprecision. The confidence intervals excluded a clinically important benefit, as the
IRR ranged from about 6% in favour of the intervention to about 6% in favour of the
control.
This meta-analysis provides a unique insight into the benefits of fall hazards programs.
Fall hazards programs are a common component of falls prevention programs for older
adults. Often, an older adult is accompanied by an occupational therapist that will audit
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their home or environment to identify potential fall hazards140, 142, 148, 153, 156, 160, 163. It is
becoming increasingly popular to provide older adults with a home checklist to facilitate
independent identification of fall hazards143, 154, 157, 168. However, the current metaanalysis suggests that there may be no effect, or similar effect of reducing the number of
falls through a fall hazard assessment alone, and two studies suggested that there may be
a benefit in better identifying fall hazards144, 146. When looking at the pooled estimate for
number of falls, all the included studies show a similar null effect. Further, the confidence
intervals of the pooled estimate suggest that checklists are unlikely to reduce the number
of falls. Fall hazards identification program may be better than usual care, as seen in the
Stevens et al., (2001) study, since the overall effect favours the intervention group146.
However, more work needs to be done to determine whether the participant can do fall
hazards identification independently, or whether a therapist facilitated visit is more
beneficial144.
Another potential reason for the lack of improvement in the number of falls after a fall
hazard intervention is the inherent lack of understanding of what a fall is for older adults.
A study by Zecevic et al. (2006) explored the idea that people at risk of falling are not
clear on what is categorized as a fall 169. Although a fall has been defined as: “an event
which results in a person coming to rest inadvertently on the ground or floor or other
lower level”170 it is not always explicitly explained and may be considered as tacit
knowledge without a clear understanding of potential classifications of other falls171. The
clear understanding of a fall is further complicated by the fact that the terms “slips, trips
and falls” have been used interchangeably171 which would contribute to the lack of
findings in the current study, suggesting more people are “falling” than is reported.
Further, data on falls is subject to recall bias, with some participants not recalling that a
fall occurred, therefore decreasing the effect of the fall hazards identification program.
Although it is recognized that fall hazard identification and identification of
environmental factors contributing to falls are a modifiable risk factors to reduce the
incidence of falls69, understanding the cause of falls may be a better approach to fully
understand the interventions required to reduce falls in community-dwelling adults172.
An interesting study by Zecevic et al. (2009) suggested approaching falls research similar
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to that of industrial accidents, where there is a need to establish what happened, why it
happened, and how to prevent similar events from reoccurring172. As it relates to fall
hazards identification, it seems plausible for an occupational or physical therapist to assist
a high falls risk person by identifying what happened, why it happened, and how to
prevent it from happening. Ideally, it is important to first learn how to modify their
actions to prevent future falls from occurring. This is particularly relevant for the current
study, as fall hazards were reduced and there was compliance with the fall hazards
program, but there was no reduction in the number of falls. A clear understanding of the
cause of falls will better identify fall prevention targets. A fall incident can in fact, just be
a random accident – with no increased likelihood of happening again in the future. So,
expecting a change in incidence, no matter how “good we are” at education/identifying
risk – is likely not an easy thing to measure.
Finally, the studies included in this systematic review suggest that fall prevention is
multifactorial and may require a combined approach of identifying fall hazards78, 79,
exercise to improve strength and balance, and addressing other potential modifiable risk
factors 140. It may be that a fall hazard identification program is not enough to reduce the
number of falls, and it is necessary to pair with other falls prevention programs such as
strength training and balance training173.
The lack of effect reported in this study may be due to limitations of the primary studies.
Firstly, to identify a fall event, a large sample size is required. Only one study had a
sample size over 1000 145, and two studies has sample sizes less than 200141, 144.
Depending on how rare the event is the sample sizes may not have been sufficient to
capture a fall. A wearable monitor may provide better objective information on whether a
fall occurred. The follow up time may not have been adequate to capture a fall. Most of
the studies were 1 year in length, but none of the studies were greater than 1 year. It may
take more time to integrate a fall prevention program, and maybe take even more time to
see a fall event.
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2.6.1

Study Limitations

Overall, this study demonstrated both strengths and limitations. The strength of this study
is attributed to using a meta-analysis to indicate the magnitude of the effects. We
assessed the risk of bias to provide insight into the quality of the studies evaluated and
this review was systematically performed to reduce the risk of bias from the research
team. While we aimed to do a thorough search, there is a possibility some articles may
have not been included. Following our inclusion criteria resulted in the exclusions of
articles that did not have a full text; therefore, there may be more literature available.
Furthermore, our results indicated a high risk of bias in the current studies. Therefore, the
individual studies included should be interpreted with caution until more studies are
conducted to further contribute to the effect of fall hazard intervention to reduce falls and
increase the identification of hazards. One of the studies in the meta-analysis was a selfdirected falls identification, which may prove differences compared to the other studies
using non-falls checklist related control groups. Further, the studies did not report on
whether the participants had a previous fall, or if the falls were injurious in nature. Also,
none of the studies reported their findings according to the CDC’s STEADI algorithm to
address fall specific questions. Finally, the lack of specific reporting of the interventions,
made the comparisons challenging. While statistical heterogeneity was absent there is
potentially a possibility of undetected clinical heterogeneity among the tested
interventions. While we believe that reducing falls is multi-factorial, it would be
beneficial if future studies focused on which falls risk factor or combination of fall risk
factors contribute to falling.

2.7

Conclusions

The current study suggests that there may be a benefit for fall hazards programs to identify fall
hazards but not to reduce falls. No important benefit was seen in reduction of recurrent falls
through falls hazards identification interventions and participants who received a control
intervention, which included usual care, education intervention or no intervention. Future studies
may benefit from longitudinal follow-ups with explicit action plans for care that are
consumer/older adult driven and accepted will likely be worthwhile.
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Lay Summary

3.1

Therapeutic Exercise for Adults Post Distal Radius Fracture: An Overview of
Systematic Reviews of Randomized Controlled Trials
We wanted to know what type of exercise is the best to help people recover after a broken wrist.
What is the problem?
Broken wrists are common injuries. They happen often in
young adults because of work and play. They happen in
older adults because of bone disease or work and play.
We know that moving the wrist after it’s been broken is
important, but we don’t know which activities are best.

How did the team study the
problem?

If we can determine the best type of exercise to help
someone get back to doing the activities they enjoy doing,
then we can change the way we give our therapy to make
sure it aligns.

We did a search of studies that have already been published looking at exercise for people after
a broken wrist. We were looking at studies that included people with a broken wrist. We searched
a variety of different databases to make sure we didn’t miss any of the published studies.
What did the team find?
We found 5 studies, and when the studies were checked for their quality, it was low. Although
the quality was low, we found that exercise can be used to recover from a broken wrist, and help
with range of motion, pain, and strength. Some of the studies found that moving the wrist as early
as possible, or even moving the non-broken wrist could help with the recovery of the broken
wrist.
How can this research be used?
Exercise taught by a physical therapist is helpful to improve function after a broken wrist.
Exercise should be included in every treatment program for people recovering from a broken
wrist.
Cautions
The quality of the studies was low and there weren’t very many, so more studies are needed.
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3.2

Abstract

Introduction: Optimizing recovery after a distal radius fracture (DRF) is a major concern. There
continues to be discrepancies in findings on whether therapeutic exercise improves activity and
participation by reducing limitations such as pain and ROM after fracture. The main objective
of this overview was to critically appraise the evidence to establish the effectiveness of
therapeutic exercise to improve impairment for adults after a DRF.
Methods: An overview of systematic reviews was used, which summarizes several systematic
reviews. PubMed, CINAHL, PEDro, Scopus, Web of Science and Cochrane Library were
searched. Systematic reviews were included in this overview if the study population was adults
after a DRF, and the intervention group was therapeutic exercise. A systematic review was
excluded from this overview if it did not include randomized controlled trials (RCTs), the full
text was not published, or if they were scoping or narrative reviews. The outcomes evaluated
were pain, function/disability, range of motion, and strength.
Results: 5 systematic reviews were included in this overview, with 7-26 RCTs included in the
SRs. The overall quality of the reviews was low with two systematic reviews rated as low
quality and three rated as critically low quality on the AMSTAR 2 assessment tool.
Conclusion: The quality of reviews was low, with high risk of bias. All reviews were
inconclusive due to limitations in the number and quality of RCTs. Due to the low quality of
evidence, it remains unclear what the effectiveness of exercise is to improve impairments after
a DRF.
Key Words: Distal Radius Fractures, Rehabilitation, Exercise, Overview

3.3

Introduction

Distal radius fractures (DRF) have the highest incidence of any fractures86 and account for onesixth of all emergency department visits88, 89. Consequences related to DRF are pain and
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limitations with performing daily activities, which have been reported to occur in the acute and
chronic phases of recovery90-92. In 16% of people that had a DRF pain was reported up to oneyear post fracture93, 94. Reducing pain and improving hand and wrist function are two important
treatment goals in people recovering from a DRF, which can be achieved with therapeutic
exercise.
Rehabilitation programs after a DRF might include therapeutic exercises such as: improving
range of motion (ROM), increasing strength, and reducing pain. Therapeutic exercises after a
fracture are routine and more consistently implemented than passive treatment options. In a
survey of 157 physical therapists, 97% of therapists prescribed active rehabilitation, which
involved patients being prescribed a combination of strength, and ROM exercises, followed by
supervised range of motion (64%)174.
Therapeutic exercise can have several benefits to the body structure and function including
restoration of joint mobility, muscle function, motor control, and as adjunct to management of
pain and edema. In a RCT of 74 patients after a DRF, one group received home care and the
other received supervised physiotherapy. Results demonstrated that the supervised
physiotherapy group showed statistically significant improvements in the scores on the PRWE
at 6 weeks (17.67 points, p<0.001) and 6 months (17.05 points, p<0.001)115. In contrast, a study
of 48 participants after a surgically treated DRF, compared grip strength, ROM and PRWE
scores of patients receiving physiotherapy or a home based exercise program116. The results
showed that the participants receiving the home program improved more than the
physiotherapy group. The home treatment group improved their grip strength by 54%
(p=0.003), and ROM in extension and flexion reached 79% (p<0.001) of the uninjured side116.
Furthermore, ulnar and radial abduction was also higher in the home program group116.
Participants who were treated by a physical therapist, achieved grip strength of up to 32%, and
ROM in extension and flexion of 52% of the uninjured side116. Additionally, when patients
experienced the natural course of recovery after a DRF, significant improvements in pain
scores, ROM, and grip strength were seen in a study of 49 women after a DRF with no
intervention117. Although patients are being advised to engage in exercise, not all studies agree
on what the benefits of exercise are, the best mode of delivering the exercise (supervised versus
not), or whether similar results would be achieved when allowing the patient to recover
according to the natural course.
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Optimizing recovery after DRF is a major concern and has been addressed in multiple primary
studies94, 118-121, 123, 175, and systematic reviews124, 125, 176. There continues to be discrepancies in
findings on whether therapeutic exercise improves activity and participation by reducing
limitations such as pain and ROM after fracture, beyond what occurs through normal recovery.
Due to the vast amount of literature on active rehabilitation in adults with a DRF, an overview
is the most appropriate methodology to summarize and provide insight into the quality and state
of the current evidence as it relates to therapeutic rehabilitation for improving impairment
outcomes post-DRF. An overview is a second level of synthesis that identifies, appraises, and
synthesizes systematic reviews (SRs). It can summarize a large pool of evidence and provide
insights into why different systematic reviews may have varying conclusions177, and suggests
future directions for further research.
The main objective of this overview is to critically appraise the evidence to establish the
current state of the effectiveness of exercise to improve impairment and clinical outcomes
(pain, ROM, and strength) for adults after a DRF.

3.4

Methods

3.4.1 Study Design
An overview of SRs of randomized controlled trials (RCTs). PROSPERO Registration number:
CRD42018108268

3.4.2 Eligibility Criteria
Studies were included in this systematic review if the below criteria were met:
•

Design: Systematic reviews of randomized controlled trials

•

Participants: adults with a distal radius fracture, regardless of fracture severity or type of distal
radius fracture

•

Interventions: therapeutic exercise where at least one of the intervention groups included
therapeutic exercise

•

Comparison: any rehabilitation intervention, including other interventions, placebo/sham, or
control (no treatment),

•

Outcomes: pain, function/disability
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(patient reported or performance-based), range of

motion, strength.
SRs of non-randomized controlled trials, narrative/critical or scoping reviews, SRs described
only in conference abstract or posters were excluded; however, reviews were included if even
one study within the review was a randomized controlled trial.

3.4.3 Search Strategy
An electronic search for SRs published between January 1998 and June 2018 was conducted
in the following databases: PubMed, CINAHL, PEDro, Scopus, Web of Science and
Cochrane Library. The reference lists of included studies were also searched to identify other
eligible SRs. Our search strategy is summarized in Appendix 2.

3.4.4 Study Selection
Two independent reviewers performed the electronic searches in each database. Duplicate
SRs were identified and removed. The titles and abstracts were independently screened. Any
titles and abstracts where the inclusion or exclusion criteria were unclear were retrieved for
review in full text. The review team discussed articles marked uncertain. Finally, full text
reviews were assessed for final eligibility.

3.4.5 Assessment of Systematic Reviews
Two reviewers independently applied the “Measurement Tool to Assess Systematic
Reviews” (AMSTAR 2) Risk of Bias Tool to assess the risk of bias in the included SRs178.
The specific domains of the AMSTAR 2 rating tool are presented in Table 1. The overall
AMSTAR 2 rating of confidence can be rated and interpreted as178:
•

High- No or one non-critical weakness: the systematic review accurately and
comprehensively summarizes the results of the studies and addresses the research question.

•

Moderate- More than one non-critical weakness: It may provide an accurate summary of the
results of the available studies that were included in the review. Non-critical weaknesses
would be components that are unlikely to affect the validity of the review, or the conclusions
made.

•

Low- One critical flaw with or without non-critical weaknesses: the review may not provide
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an accurate and comprehensive summary of the available studies that address the question of
interest. Critical flaws likely introduce bias and affect the validity and conclusion of the
review.
•

Critically low- More than one critical flaw with or without non-critical weaknesses: should
not be relied on to provide an accurate and comprehensive summary of the available studies.
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Table 1. AMSTAR 2 Rating. Each of the 16 criteria on the AMSTAR 2 checklist is shown for each of the five included
systematic reviews. Colour coding indicates whether the study satisfied each of these criteria. N/A: Not applicable.
AMSTAR 2 Question

Bruder (2011)

Bruder (2017)

Handoll (2006)

Handoll (2015)

Valdes (2014)

Yes

Yes

Yes

Yes

Yes

2. a priori protocol

No

Partial Yes

Partial Yes

Partial Yes

No

3. Study design selection explained

No

No

No

No

No

4. Comprehensive search

Partial Yes

Partial Yes

Partial Yes

Partial Yes

Partial Yes

5. Duplicate study selection

No

Yes

Yes

Yes

Yes

6. Duplicate data extraction

Yes

Yes

Yes

Yes

No

7. List and justification of excluded studies

Yes

No

Yes

Yes

Yes

8. Included studies described in adequate detail

Partial Yes

Partial Yes

Yes

Yes

Partial Yes

Partial Yes

Partial Yes

Partial Yes

Yes

Partial Yes

No

No

No

Yes

No

No

No

N/A

N/A

No

No

No

N/A

N/A

No

No

No

No

No

No

No

No

No

No

No

No

No

N/A

N/A

No

No

Yes

Yes

Yes

No

1.Research question and inclusion criteria
aligned with PICO

9. Satisfactory technique for assessment of risk
of bias
10. Sources of funding of included studies
reported in review
11. If meta-analysis: justified combination of
data
12. If meta-analysis: risk of bias of included
studies taken into account
13. Risk of bias taken into account in
interpretation and discussion
14. Satisfactory explanation for any
heterogeneity
15. Publication bias in included studies assessed
16. Review authors report on any of their own
conflicts of interest
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Overall Quality

Critically Low

Critically Low

Low

Low

3.4.6 Data Extraction
Data extraction was performed by a single author. Descriptive characteristics were extracted
from the eligible SRs by including: (1) author and year, (2) population, (3) number of
included studies, (4) risk of bias assessment of the individual RCTs, (5) quality of evidence
assessment of the RCTs, (6) reported outcomes, and (7) conclusions made from the authors
of SRs. In addition, for each included SRs, the sample size, study design, inclusion criteria,
intervention/control groups, exercise duration/frequency/intensity, session duration, follow
ups and effect sizes were extracted. Only data within the systematic reviews (we did not reanalyze the primary studies) was used.

3.4.7 Data Synthesis
A qualitative synthesis was performed to summarize the findings across the included SRs.
The results were synthesized based on the AMSTAR 2 ratings of quality of included SRs
(high, moderate, low, or critically low).

3.5

Results

3.5.1 Review of Systematic Reviews
Initially, 179 studies were screened for inclusion in this review. After abstract/title review,
10 full-text articles were reviewed for potential inclusion. From these, five were selected for
the final review (Figure 1) and five were excluded with reason (Table 2).126, 174, 176, 179, 180
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Critically Low

Figure 1: Selection of systematic reviews for inclusion in the overview of systematic review
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Table 2. Reasons for Exclusion of Systematic Reviews.

Layne, 1999

Radial Fractures).
Ineligible population (osteoporotic patient population, however, not with Distal

Lui, 2009

Radial Fractures).
Ineligible population (osteoporotic patient population, however, not with Distal

Lock, 2006

Radial Fractures).

Tsuda, 2017

Handoll, 2003

3.5.2

Ineligible population (osteoporotic patient population, however, not with Distal

Ineligible population (osteoporotic patient population, however, not with Distal
Radial Fractures).
Irrelevant intervention (exercise as intervention as not assessed).

Population

The number of participants in each SR varied between 746 and 1299. One SR did not
provide a total number of participants included in the review126. Only one SR had age as
part of the inclusion criteria, which was over the age of 18126. Each SR required the
participants to have reached skeletal maturity, suggesting that the population was
required to be adults. Two SRs allowed for inclusion of any fracture of the upper limb174,
180

, while the other three SRs limited the inclusion to DRFs (Table 3). Although some of

the SRs included patients with any upper limb fracture, data pertaining only to DRF was
extracted. Table 3 also highlights the number of RCTs included within each SR.
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Table 3: Characteristics of included Systematic Reviews

Author (year)

Population

# Of included

Quality of

Reported Outcome

studies for DRF

Evidence

for DRF

Adults with an
Bruder (2011)

Bruder (2017)

upper limb

Wrist ROM, grip
7

PEDro

strength, PRWE,

fracture

DASH

Adults with an

Wrist ROM, grip

upper limb

15

PEDro

strength, PRWE,

fracture

Handoll (2006)

Handoll (2015)

DASH

Distal Radius
Fracture

Distal Radius
Fracture

15

Cochrane Bone,

Wrist ROM, grip

Joint and Muscle

strength, VAS pain,

Group

PRWE
Wrist ROM, grip

26

GRADE

strength, VAS pain,
PRWE

Structured
Effectiveness for
Valdes (2014)

Distal Radius
Fracture

7

Quality
Evaluation of
Study scores

Wrist ROM, grip
strength, VAS pain,
PRWE, DASH

(SEQES)

3.5.3

Risk of Bias Tool

Only one SR used Cochrane’s risk of bias tool179, however, two SRs174, 176 were published
prior to the inception of Cochrane’s risk of bias tool. Two of the SRs used the PEDro
assessment126, 174, one used the Cochrane Bone, Joint and Muscle group176, and one used
the Structured Effectiveness for Quality Evaluation of Study scores (SEQES)126(Table 3).
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3.5.4

Intervention Details

The interventions of the primary RCTs included in the SRs were comparing any form of
exercise to no exercise176, 179, 180 or a home program126. Specifically, some examples of
the primary interventions were: exercise and home advice compared to no intervention181,
exercise introduced earlier in rehabilitation compared to exercise introduced later182, PT
supervised and home exercise program compared to a home exercise program only183.
The intervention protocol varied largely from SR to SR and from RCT to RCT. None of
the trials reported using the Consensus on Exercise Reporting Template (CERT)184,
which would have allowed for a more consistent reporting of the interventions. None of
the SRs went into specific details about which exercises were prescribed in the RCT.
None of the trials reported the use of exercise guidelines.

3.5.5

Program Length

The average exercise program (RCT) lasted six weeks. However, the duration ranged
from 4 to twelve weeks based on what was reported in the SRs. None of the treatment
programs were longer than twelve weeks (Table 4).

3.5.6

Program Frequency

The frequency of exercise varied across treatment program with some RCTs having the
participants complete the program four times per day, and other RCTs protocols having
the participants exercise two times per week, as reported in the SRs (Table 4).

3.5.7

Exercise Dosage

Rarely was the rationale for the exercise dosage specified within the systematic review;
although it was stated that the physical therapist or occupational therapist administering
the program could progress the participants based on their clinical judgment. Two RCTs
within a SR suggested that the participants should be progressed every two weeks174, 180.
The duration per session also varied widely across trials (Table 4).
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3.5.8

Session Duration

The shortest treatment session within the RCT, as reported by the systematic review, was
five minutes, and the longest was 120 minutes (Table 4).

3.5.9

Program Follow-Up

The follow up after the RCT program ranged from immediately upon completion of the
program to 36 weeks after completing the program. Most RCT programs had several
follow up dates between the zero and 36 weeks. One SR did not report the follow up time
from the RCTs126(Table 4)
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Table 4: Study details of each included systematic review

Author

Assess

Sample

(year)

as of

Size

Inclusion
Evidence

Criteria of

Intervention

Participants

Control
Description

Duration
Outcome

Duration

Frequency

Intensity

(per
session)

Follow
Up

No exercise,
other
Skeletal
Bruder

Not

(2011)

Reported

781

RCT and

Starting

therapy,

Maturity,

Any exercise

alternative

Any

Upper

therapy

exercise

outcome

Limb

program

therapy

measure

quasi-RCT

Fracture

6-12
weeks

4 x per

progressed

day -5 x

every 2

per week

weeks

between
20 mins-

0-8

2 hrs.

weeks, up
to 6-52

using a

weeks

different
protocol
No exercise,
other
Skeletal
Bruder
(2017)

Jul-16

1299

RCT and

Starting

therapy,

Maturity,

Any exercise

alternative

Any

Upper

therapy

exercise

outcome

Limb

program

therapy

measure

quasi-RCT

Fracture

using a
different
protocol
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6-12
weeks

4 x per

progressed

day -5 x

every 2

per week

weeks

between
20 mins-

0-24

2 hrs.

weeks, up
to 6-52
weeks

Started

Skeletal
Handoll
(2006)

Dec-05

746

RCT and
quasi-RCT

Maturity,

Any

Distal

rehabilitation

Radius

for DRF

Functional,
Any

(2015)

1269

RCT and
quasi-RCT

Any

Distal

rehabilitation

Radius

for DRF

Functional,
Any

Valdes

Not

Not

RCT and

(2014)

Reported

Reported

quasi-RCT

fracture,
over the
age of 18

64

clinical,

4-12

resources

weeks

and other

Fracture

radius

x per

PT sees

week

needed

between 2
5 mins -

days- 4

30 mins

weeks, up
to 4 days-

Started

Maturity,

Distal

Progress as

36 weeks

Skeletal

Feb-15

resources

6 weeks

and other

Fracture

Handoll

clinical,

5 days, 2

5 days, 2-

Progress as

5 x per

PT sees

week

needed

between 2
5 mins -

days- 4

50 mins

weeks, up
to 4 days36 weeks

Therapist

Range of

supervised

Home

motion,

clinic-based

Program

grip, and

therapy

function

6 weeks

3-4 x per

At

day- 3 x

discretion of

per week

PT or OT

20 - 30

Not

mins

Reported

3.5.10

Outcomes

All the SRs included in this overview reported on wrist ROM, grip strength, Patient
Rated Wrist Evaluation (PRWE), and Disabilities of the Arm, Shoulder and Hand
(DASH). Three SRs also assessed self-reported pain using a VAS pain scale126, 176, 179
(Table 3). Three of the studies conducted meta-analyses (MA)126, 180, 185, while two did
not176, 179. In the Bruder et al., 2011185 MA comparing supervised exercise plus home
exercise compared to home exercise alone included 309 participants, and the outcome
assessments were wrist ROM, grip strength and PRWE at 5 weeks, 6 weeks, 8 weeks, 12
weeks and 24 weeks. Two RCTs suggested that there was no effect of physiotherapy
supervised exercise compared to a home exercise program for grip strength (d=0.55, 95%
CI -0.65, 1.75, I2=79%). The largest effect favoured physical therapy instead of home
exercise in wrist extension after 6 weeks: Standardized Mean Difference (SMD)=1.56
(95% CI 0.44, 2.53) (25,31). In the Valdes, Naughton and Michlovitz review126 forest
plots were generated for a functional outcomes assessment (PRWE and DASH), forearm
motion, wrist motion and strength. It was not clear how many participants were included
in each forest plot. The forest plots showed that the effect size for PRWE after six weeks
favoured the home exercise program group, SMD=1.18 (0.55, 1.80), but pronation and
supination in the forearm after 6 months favoured the supervised therapy group, SMD=1.13 (-1.55, 0.69)126. Finally, in the Bruder et al., 2017180 MA, 114 participants were
included assessing pain, grip strength, and ROM at 6 weeks, 9 weeks, 12 weeks, and 24
weeks. Exercise therapy was favoured over the control group for wrist extension ROM at
6 weeks, SMD= 1.56 (0.44, 2.53), and in grip strength at 6 weeks, SMD= 1.33 (-.26,
2.28). Home therapy was favoured over exercise therapy in grip strength, SMD= -1.70 (2.35, -1.00), wrist flexion and extension SMD=-0.95 (-1.54, -0.32) and PRWE, SMD= 1.18 (-0.53, -1.78) at 6 weeks. But exercise therapy was favoured over home exercise in
pain at 3 weeks SMD= 1.07 (0.03, 2.00).
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3.5.11

Methodological Appraisal

Aside from the Handoll, Madhok and Howe176, and Handoll179 SRs, which received low
ratings on the critical appraisal, the other SRs received a critically low rating. The major
methodological flaws in the SRs were that they did not justify study design, selection
criteria, take risk of bias into account in the interpretation and discussion, provide a
satisfactory explanation for any heterogeneity, or conduct a meta-analysis. The two low
quality reviews176, 179 provided justification for excluding studies, reported their own
conflicts of interest and disclosed sources of funding for the reviews included. Table 5
presents a comparison of the quality of rating and risk of bias tool used in each systematic
review.
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Table 5: Randomized controlled trials included in each systematic review. Four different assessment tools
were used in the five systematic reviews. The PEDro assessment assesses quality of the study, with a
higher score representing a higher quality study. The SEQES is also a quality assessment tool with a higher
score representing a higher quality study. The Cochrane assessment tools assess risk of bias. A high risk of
bias suggests a lower quality study.
Systematic Reviews
Handoll
Bruder

Bruder

(2006)

Handoll

Valdes

Randomized Controlled

(2011)

(2017)

Cochrane

(2015)

(2014) SEQES

Trials

PEDro Score

PEDro Score

Bone Joint

Cochrane

Score out of

out of 10

out of 10

and Muscle

GRADE

48

Group
Agorastides (2007)

6

6

Bache (2001)

High Risk

High Risk

Basso (1998)

High Risk

High Risk

Bertoft (1984)

6

6

Bighea 2013

High Risk

Brehmer (2014)

5

Bruder (2016)

8

High Risk

Challis (2007)

High Risk

Cheing (2005)
Christensen (2001)

4

4

Cooper (2001)
Filipova (2015)

High Risk

High Risk

High Risk

High Risk

High Risk

High Risk

High Risk

High Risk

6

Gronlund (1990)
Hodgson (2003)

7

7

Hodgson (2007)

7

5

67

28

Jongs (2012)

High Risk

Kay (2000)
Kay (2008)

High Risk
8

8

40

High Risk

Knygsand-Roenhoej

High Risk

(2011)
Krischak (2009)

High Risk

5

Kuo (2013)

5

High Risk

7

High Risk

Lazovic (2012)

32

High Risk

Lefevre-Colau (2007)

8

8

Lundberg (1979)

2

2

Maciel (2005)

7

7

Magnus (2013)

5

Mitsukane (2015)

5

Paschos (2013)

5

Pasila (1974)

2

2

Revay (1992)

5

5

Rozencwaig (1996)
Souer (2011)

High Risk

High Risk
High Risk

High Risk

High Risk

High Risk

High Risk

5

High Risk

Svensson (1993)

High Risk

High Risk

Taylor (1994)

High Risk

High Risk

Toomey (1986)

High Risk

High Risk

68

40

34

Valdes (2015)

4

Wakefield (2000)

7

7

High Risk

High Risk

41

Watt (2000)

5

5

High Risk

High Risk

28

Critically

Critically

Low

Low

Low

Low

Critically Low

Low Quality

Low Quality

High Risk

High Risk

Low Quality

Overall Quality
(AMSTAR-2)
Quality Assessment
Number of studies
included in synthesis
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Table 6. Summary of conclusions/recommendations on every individual Systematic Review.
Author

Summary of Conclusions/Recommendations

(Year)
Bruder

There is inconclusive evidence to support the role of exercise during rehabilitation following an upper limb fracture.
There is some evidence that conservatively managed fractures of the distal radius and the proximal humerus may benefit

(2011)

from exercise. The use of co-interventions in the trials, makes a more definite conclusion difficult. Controlled trials are
needed to provide stronger evidence about the role of exercise in upper limb fracture rehabilitation.

Bruder

There is emerging direct and indirect evidence that current prescribed exercise regimens after upper limb fracture may
not be effective in reducing impairment and increasing activity. Commencing mobilization and exercise after shorter

(2017)

immobilization may be beneficial, but it remains uncertain whether the benefit is due to reducing the immobilization
period or starting exercise earlier.

Handoll

There is insufficient evidence from randomized trials to determine how best to manage the rehabilitation of adults with
fractures of the distal radius. It is not possible to establish exactly what rehabilitation intervention is necessary for

(2006)

acceptable functional recovery, or what type of rehabilitation specialists should provide this care, or when or for how
long this care should be provided, or in what circumstances it should be provided. Further research is warranted to
identify effective rehabilitation interventions for these common fractures in adults.

Handoll

There remains insufficient evidence from randomized controlled trials to determine how best to manage the rehabilitation
of adults with fractures of the distal radius. Thus, the evidence is insufficient to establish exactly what rehabilitation

(2015)

intervention is necessary to optimize functional recovery, or what type of rehabilitation specialists should provide this
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care, or when or for how long this care should be provided, or in what circumstances it should be provided. Further
research is warranted to identify effective rehabilitation interventions for these common fractures in adults.

Valdes

The current studies do not accurately represent the patient population with comorbidities or complications seen by
therapists following a distal radius fracture so the findings of these studies should not be generalized to that patient

(2014)

population. Further work needs to be done to identify the subpopulation of patients following distal radius fracture who
would gain the greatest benefit from a supervised therapy program.
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3.6

Clinical Recommendations and Conclusions

The SRs unanimously agreed that the evidence is inconclusive, or insufficient to establish
which interventions or specifically which type of therapeutic exercise are the best for DRF
rehabilitation. However, despite the evidence being weak, Bruder et al.,185 suggested that
therapeutic exercise may benefit patients after a DRF, and Bruder et al.,180 suggested that
commencing exercise earlier in the rehabilitation process may benefit adults more than longer
duration immobilization, based on two trials that conclusively favored early exercise and
mobilization182, 186. The results by Handoll, Madhok and Howe176 and Handoll179 were the
lowest risk of bias systematic reviews included in this overview, but should still be interpreted
with caution, as they were low quality. Those systematic reviews suggested that therapeutic
exercise treatment after a DRF, through supervised exercise, administered by a physical
therapist, can improve grip strength and wrist ROM. However, given the limitations in the
primary studies upon which conclusions were drawn, more quality randomized controlled trials
are needed to confirm these results.

3.7

Discussion

This overview was conducted to critically appraise the evidence and to establish the current
state of the effectiveness of exercise to improve impairment and clinical outcomes for adults
after a DRF. An overview was selected to summarize the large body of literature of therapeutic
exercise for DRF. Five systematic reviews were included and critically appraised using the
AMSTAR 2 tool. The overall quality of the published SRs was low to critically low. The
findings were inconclusive with respect to optimal post-fracture rehabilitation due to a lack of
adequate high quality RCTs. The systematic reviews unanimously concluded that the evidence
is insufficient, and more research is required.
As it relates to the outcomes of interest, despite the limitations in the evidence, the most
consistent finding was a benefit of therapeutic exercise for recovery of wrist ROM, pain, and
grip strength. This suggested that therapeutic exercise should be a part of the treatment for
adults with a DRF. All the SRs included in this overview suggested that wrist ROM, pain and
grip strength improve with exercise post-DRF. Interestingly, one SR found that post-DRF
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outcomes could be improved in the affected limb by exercising the unaffected limb while the
affected limb was immobilized180. Exercising the unaffected limb is an approach that could be
implemented as an early intervention. Early mobilization was supported in Bruder et al.,180
suggesting that reduced time immobilized and greater time participating in exercise benefited
outcomes post-DRF. The quality of the Bruder et al.,180 was appraised as critically low, and the
conclusions should be interpreted with caution. There was some discrepancy between the
reviews on whether a supervised exercise program improved wrist outcomes better than a home
exercise program. In the strongest evidence176, 179, both grip strength and ROM were improved
with a physical therapist-delivered exercise program, suggesting benefits to a supervised
program. Overall, conclusions should be interpreted with caution due to the low quality of the
research.
A key factor contributing to the low-quality rating of the SRs were the low sample size RCTs.
An average of 10 participants were enrolled in each RCT. Valdes, Naughton and Michlovitz126
did not report the number of participants included in their SR. Increasing the sample size of the
RCTs would improve precision in both the systematic reviews (i.e. decrease the risk of random
error) and in turn, improve the ability to make definitive conclusions related to the effect of
therapeutic exercise after a DRF187, 188. This overview was thought to be adequately conducted
due to the number of SRs available and the number of RCTs included within each SR. A
systematic review is considered adequate with a minimum of 5 trials189, and each of the reviews
included in this overview contained at least 7 trials, while the Handoll179 SR had 26 trials.
Another potential factor contributing to the overall low rating of evidence is that all the trials
were exercise interventions. Exercise interventions rarely rank high in quality due to the
inherent lack of blinding. Other aspects of the primary studies that could have been improved
are adequate allocation concealment, minimizing selection bias, assessing contamination,
reducing potential performance bias, adequate blinding of outcome assessors, minimizing
detection bias, conducting an intention-to-treat analysis, and completing follow-ups to
minimize systematic error (i.e., bias).
The tool used to assess risk of bias and the quality of study may influence the conclusions on
the strength of the evidence. The use of the Risk of Bias tool classifies the original trials as high
risk, unclear risk, or low risk. However, a trial ranking as high risk on even one component will
rank as high risk overall. The quality rating tools provide a graded approach when assessing
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trials. It may be that for exercise interventions, a quality-rating tool can provide a better
differentiation between the higher versus lower quality trials. For example, when looking at
Christensen et al., (2001)183 and Wakefield et al., (2000)190 both studies were ranked as high
risk of bias based on the GRADE assessment. However, when looking at the PEDro quality
assessment tool Christensen et al., (2001)183 received a score of 4, which would be considered
fair quality, and an SEQES score of 28, which would also be considered fair quality. In
comparison, the Wakefield et al., (2000)190 trial received a score of 7 on PEDro, which is
considered high quality, and a score of 41 out of 48 on the SEQES, which again would be
considered high quality. Relying on the Risk of Bias tool would mask the fact that some studies
are conducted with higher quality than others.
Ultimately, more effort is required when developing higher quality and rigorously designed
RCTs, to aid in definitive conclusions regarding the benefits of exercise for DRF, the dose of
exercise and who should be delivering the intervention. It is unlikely that the conclusion of any
future SR will change without additional higher quality RCTs. Although there are inherent
limitations with conducting exercise trials, effort can be made in ensuring allocation
concealment to reduce selection bias, intention-to-treat analyses to reduce detection bias,
tracking of any additional exercise to monitor contamination and ensuring consistent protocols
are being followed to minimize any missing data.

3.7.1 Strengths and limitations
While we followed established processes, the major limitations in this overview related to the
limitations in the primary pool of studies, which carried forward to all five of the SR
summarized in this overview. We attempted to include all relevant SR by searching several
databases and used snowball searching (reviewing references lists); we concede that some
literature may have been missed. However, this is unlikely to have impacted our conclusions
given the issues with primary studies. If any high quality RCTs were recently published, they
would not be reflected in this overview since they would have been yet included in a SR.
Another potential limitation is that one author abstracted the data. Although it is possible that
our own personal biases could influence this overview, we attempted to reduce the amount of
bias by having three authors monitoring any potential bias.
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3.7.2 Conclusions
This overview of systematic reviews pooled five systematic reviews that summarized 70 RCTs
addressing therapeutic exercise for rehabilitation of distal radius fractures. Although the
evidence was of low and critically low quality, the best SR suggested that therapeutic exercise
taught by a physical therapist can provide benefit to wrist range of motion and grip strength
following a DRF. Better RCTs and better reporting of exercise/rehabilitation interventions
using current reporting guidelines are needed before.
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4.1

Lay Summary

Exercise Preferences for People with Osteoporosis, Identifying Barriers,
Facilitators, Needs and Goals of Exercise
We wanted to know what type of exercise people with osteoporosis enjoy doing.
What is the problem?
Exercise is important for people with osteoporosis. It can help
to keep the bones strong and reduce the risk of falling, which
can then reduce the risk of breaking a bone. Although most
people understand that exercise is good, they still don’t do it.
If we can better understand how they like to have exercise
delivered, then maybe they will be more willing to exercise.
We also wanted to know what challenges they face when
exercising and what they need to make exercising easier.

How did the team study the problem?
We handed out a survey to almost 300 people with osteoporosis. All these people went to the same doctor’s
clinic, near Toronto, Ontario. Everyone was asked to fill out a questionnaire called the Personalized Exercise
Questionnaire. This questionnaire was designed to better understand what people with osteoporosis need and
want for their exercise.
What did the team find?
Most participants preferred to exercise in the morning (n=208, 75%), on their own time (n=180, 65%), with
exercise that were easy to perform (n=151, 55%), slow paced (n=133, 48%), and easy to remember (n=117,
43%). Home (n=171, 62%) was the most preferred location to exercise. The most important goal for the
participants was to improve strength (n=241, 84%) and the least important goal was to reduce falls (n=129,
45%,). Time was the most common barrier reported in 30% of participants and followed by pain in 23% of the
participants. Most of the people that responded were female, around the age of 67.
How can this research be used?
Now that we better understand what people like for exercise, and how they like to do exercise, we can create
exercise programs around that. This study also looked at how the preferences for men and women was
different, and we now know that in future program we will have to deliver exercise slightly differently for men
and women.
Cautions
We only looked at one clinic near Toronto, so this might not be true for all people in Canada.
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4.2 Abstract
Purpose: It is challenging for many people with osteoporosis to initiate and adhere to an
exercise program. Currently there is little evidence on exercise preferences of people with
osteoporosis, yet these factors may contribute to improved exercise adherence. Therefore,
this project surveyed patients with osteoporosis to understand their exercise preferences,
barriers, needs, and goals.
Methods: The Personalized Exercise Questionnaire (PEQ) was used to gain insight into the
barriers, facilitators, and goals related to exercise. Participants were recruited from a
subspecialty metabolic bone disorder clinic, within the Greater Toronto Area, in Ontario,
with a large population of osteoporotic patients. Data collection took place, inside the
clinic, from December 2018 to June 2019
Results: Data on a total of 287 surveys were collected. The sample was 90% female with a
mean age of 67 (SD: 10.7) years. Most participants preferred to exercise in the morning
(n=208, 75%), on their own time (n=180, 65%), with exercise that were easy to perform
(n=151, 55%), slow paced (n=133, 48%), and easy to remember (n=117, 43%). Home
(n=171, 62%) was the most preferred location to exercise. The most important goal for the
participants was to improve strength (n=241, 84%) and the least important goal was to
reduce falls (n=129, 45%,). Time was the most common barrier reported in 30% of
participants and followed by pain in 23% of the participants.
Conclusion: This study provides insight into participant preferences for exercise. The
major finding was between men and women were where they preferred to exercise. Men
preferred to exercise at home or at the gym, and women preferred to exercise at home or
outdoors.
Key Words: Osteoporosis, Exercise, Physical Activity, Aging
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4.3 Introduction
Osteoporosis (OP) affects a large proportion of the population, with 1 in 3 women and 1 in
5 men affected191. Osteoporosis is a decrease in bone mineral density, that increases the
risk of fragility fractures191. Osteoporosis is often associated with age-related declines in
bone mineral density, which could be due to a decrease in bone mineral density, declines in
hormonal signal regulation, bioavailability of nutrients like calcium and vitamin D, and
lifestyle factors such as activity, alcohol consumption and smoking28, 192. The most
common sites of OP fracture are the vertebrae, hip, and wrist. Osteoporosis can be
managed pharmacologically and non-pharmacologically, with non-pharmacologic
management important in preclinical and early OP, and both important in later stages of
the disease. Clinical recommendations outline the timing and best practices for managing
OP with medication, nutrition, and exercise28, 173.
OP guidelines27 provide recommendations on the mode, frequency, and intensity of
physical activity, and how those factors can be modified in the presence of a chronic
condition26-28. The Too Fit to Fracture physical activity and exercise recommendations26, 27
provide guidance on effective exercise for fall and fracture prevention, and safe
performance of physical activities of leisure and daily living for people with osteoporosis.
For example, it’s recommended to participate in strength training exercises like squats or
lunges, or any exercise that provides resistance against body weight. It is advised to
prioritize strength training exercise rather than cardiovascular exercises. However, when
doing cardiovascular exercises walking is preferred than swimming, for example, for the
benefits of working against gravity. Finally, it is important to participate in balance
training exercises to reduce the risk of fractures. More specific details can be found in a
position statement, out of Australia, providing a comprehensive guideline on the type and
intensity of exercise, taking into consideration osteoporosis disease progression173.
Although the benefits of exercise are clear for osteoporosis, such as, attenuating bone
loss193, reducing the risk of sarcopenia194, and reducing fall risk192, 195, 196, it is still a
challenge to get people with osteoporosis to adhere to an exercise program. Kemmler et al.,
2016, conducted a prospective cohort study that followed 55 people with OP for 16 years
and found that exercise adherence decreased over the years197. It has also been reported
that as people age, their engagement with exercise decreases198. Currently, most studies are
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still aiming to determine the benefits of exercise and which mode, frequency and intensity
are best for maintaining bone mineral density27, 173, 197, 198, but few studies have asked
individuals with osteoporosis their exercise preference.
An exercise preference questionnaire has been developed to better understand the
perspective of people with osteoporosis, to better design exercise programs198. This crosssectional survey aimed to understand the exercise goals and preferences of people with
osteoporosis; and the barriers and facilitators to engaging in exercise.

4.4 Methods
A cross-sectional survey was conducted among people with osteoporosis from December
2018 to June 2019. Ethical approval for this study was granted by Western University
Research Ethics Board.

4.4.1

Survey

The Personalized Exercise Questionnaire (PEQ) was developed by I.B. Rodrigues to assess
barriers, facilitators and goals related to exercise in people with OP199, 200. The survey has
high content validity in an osteoporotic population199, 200. The survey used in this study can
be found in Appendix 3.
Briefly, the survey consists of five sections related to support and access to exercise
facilities, goals related to exercise, exercise preferences and barriers to exercise. The
participants were asked to complete a paper copy of the survey while waiting for their
appointment with an osteoporosis specialist physician. They survey was administered
throughout the work hours of 9am to 4pm on weekdays. The survey could not be
randomized or alternated, as it was a paper survey with the questions transitioning in a
chronological order. The survey was nine pages long with approximately 5 questions per
page.

4.4.2

Participants

Participants were recruited from one clinic, specializing in working with people with bone
disorders, with a primary focus on osteoporosis. This was a closed survey. Participants
were recruited, in person, to participate if they were over the age of 18, could read and
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write English and were undergoing treatment for osteoporosis. No information was
gathered on whether it was the participant’s first or follow-up visit. Participants were
informed that the survey should take approximately 10 minutes to complete, and that
participation was voluntary. They were provided with the letter of information, which
explained the data storage, introduced the investigators and purpose of the study. Consent
was assumed if the participant returned the survey. They survey was advertised using an
informative poster in the physician’s clinic.

4.4.3

Data Protection

No person, other than the participant’s physician or therapist and the study co-investigator
had access to participant records without participant permission. No identifying
information was collected, so there is no way to link the survey with the participant. All
electronic files were password protected and paper copies were stored in a locked filing
cabinet.

4.4.4

Incentives

Participants were offered a five-dollar food gift card incentive for completing the survey.

4.4.5

Data Analysis

A sample size calculation was performed based on prespecified levels of precision. At a
10% margin of error and 95% CI for a large population size (approximately 5,000), it was
determined 220 responses were needed201. Data was input from all surveys received,
including surveys that had components of missing data. Completeness checks were
conducted randomly when the surveys were submitted, and participants had the
opportunity to review their survey before submitting it. The lead author and a research
assistant performed quality checks. Descriptive statistics and percentages were used to
summarize data for questions having categorical response options.

4.5 Results
Data on a total of 287 surveys were collected. The sample was 90% female and had a mean
age of 67 (29-91) years. Full demographic descriptions are provided in Table 1.
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Table 1: Demographics

N (%)

Age

Age at Menopause

Mean (SD)

279

67.6

220

46 (11.6)

74

1.7 (1.4)

Number of osteoporotic fractures

Number of participants with an
osteoporotic fracture

83 (29)

Number on osteoporotic
medication

142 (50)

Number with a nearby exercise
facility

255 (89)

Sex
Female

259 (90)

Male

28 (10)
Residence

Small town

39 (14)
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City

223 (78)

Rural

18 (6)
Diagnosis

Osteoporosis

197 (69)

Osteopenia

56 (20)

Healthy

7 (2)
Fracture Risk

High

62 (22)

Moderate

69 (24)

Low

31 (11)

4.5.1

Exercise Support and Access

Of the 287 survey respondents, 119 (43%) participants said that they wanted supervision
while exercising. Most participants wanted supervision from a healthcare professional
(n=47, 17%), followed by a personal trainer (n= 46, 17%). When asked whether having a
healthcare professional with a good attitude was important, 167 (58%) participants said
yes. However, when disaggregating the data by men and women, men preferred a personal
trainer to a healthcare professional, whereas women preferred to work with healthcare
professionals. All the participants felt that they had a place to exercise, with most
participants being able to exercise from home (n=154, 54%). Several had an exercise
location less than 5 km away (n=107, 37%), with some of the participants having more
than one option (Table 2). Many of the participants were able to get to their exercise
facility on their own (n=208, 72%), and had access to transportation to get to the facility
(Table 2). Most of the participants felt that they had a safe place to exercise (n=260, 91%),
83

an encouraging place to exercise (n=203, 71%), and access to an exercise facility with a
reasonable price (n=174, 61%).

Table 2: Support and Access to an Exercise Facility
Total

Males

Females

N=287

N= 28

N= 259

n (%)

n (%)

n (%)

47 (16)

3 (11)

45 (17)

Personal Trainer

46 (16)

4 (14)

41 (16)

Other

26 (9)

1 (4)

23 (9)

population

Participant preference for exercise supervision
Healthcare
Provider

Number of participants that said “yes” this was important:
A HCP with a good
attitude
Support from
Friends and Family

167 (58)

10 (36)

157 (61)

211 (74)

18 (64)

191 (74)

Distance to a place to exercise
Home

154 (54)

15 (54)

139 (54)

<5km

107 (37)

8 (29)

99 (38)

5-10km

34 (12)

7 (25)

27 (10)
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The type of support to get to an exercise facility
Getting to exercise

208 (72)

19 (68)

189 (73)

24 (8)

3 (11)

21 (8)

Friend

5 (2)

0 (0)

5 (2)

Other

6 (1)

1 (4)

5 (2)

on their own
Family member/
partner

The type of transportation to get to an exercise facility
Motor Vehicle

165 (57)

13 (46)

152 (59)

Public Transport

12 (4)

1 (4)

11 (4)

Walking

43 (15)

6 (21)

37 (14)

Other

13 (5)

1 (4)

12 (5)

Number of participants that said “yes” they have access to:
A safe place to
exercise
An encouraging
place to exercise

260 (91)

25 (89)

235 (91)

203 (71)

20 (71)

183 (71)

203 (71)

19 (68)

155 (60)

Access to
reasonably priced
exercise facility
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4.5.2

Exercise Goals

Participants were asked to rank goals of exercise between very important to not important
or not applicable. The most important goal for the participants was to exercise to improve
strength (n=241, 84%), and the least important goal was to exercise to reduce falls (n=129,
45%, Figure 1). Reducing falls was listed as “not applicable” most frequently (n=97, 34%).
When disaggregating the data by men and women the goals listed as “very important” were
similar. However, men ranked flexibility as the second most important goal, whereas
women ranked improving balance as their second most important goal.

241
219

Frequency "very important"

250

200

194
176

206
188

218
199

217
201
166
153

150

129
118
Total

100

Females
Males

50
17

18

20

17

12

14

24

0
to be less to be able
to
to
to reduce to reduce
to
tired
to walk improve improve the risk of pain
improve
longer flexiblity balance
falls
strength
Exercise Goal

Figure 1: Frequency of participants selecting “very important” for the exercise goal

4.5.3

Exercise Preferences

Participants were asked to provide feedback on their exercise preferences related to
receiving feedback, giving feedback, tracking their progress, the best time to exercise,
exercise schedule, class size and level of difficulty of the exercises. A total of 177
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participants said that they would like to receive or provide feedback on their exercise, and
17 participants did not respond to the question, leaving 93 participants not wanting to
receive or provide feedback related to their exercise. Most participants wanted to receive
feedback about their exercise through email (n=106, 60%) and wanted to receive feedback
on the proper exercise technique (n=138, 78%), or on their exercise progress (n=124,
70%), and wanted to receive that feedback daily (n=10, 6%), weekly (n=66, 37%), monthly
(n=96, 54%), or yearly (n=6, 3%). Participants also wanted to give feedback to their
exercise professional, and the primary preference was to give feedback through email
(n=88, 50%). Participants wanted to track their exercise through wearable technology
(n=74, 42%), through a cellphone (n=60, 34%), with a diary/logbook (n=60, 34%), or other
(n=7, 4%).
Participants were asked when and where they would prefer to exercise. Ten participants
did not respond to this question (n=277). Most participants preferred to exercise in the
morning (n=208, 75%), and on their own time (n=180, 65%), or in a small group (n=105,
38%). When asked about the intensity of the exercise (n=274), most participants want the
exercise to be easy to perform (n=151, 55%), but also slow paced (n=133, 48%) and easy
to remember (n=117, 43%). Most participants preferred to exercise at home (n=171, 62%),
outdoors (n=114, 41%), or at the gym (108, 40%). These trends were similar when
disaggregating the data by men and women; the major difference was that men preferred to
exercise at home (n=16, 57%) or at the gym (n=13, 46%), whereas women preferred to
exercise at home (n=155, 60%) or outdoors (n=104, 40%).

Table 3: Survey response to exercise preferences related to preferred time to exercise,
scheduling exercise, class size and difficulty
Total

Males

Females

N=287

N= 28

N= 259

n (%)

n (%)

n (%)

population

87

Preferred time to exercise
Morning

Afternoon

Evening

17

203 (71)

(61)
11

89 (31)

(39)
5

52 (18)

(18)

186 (72)

78 (30)

47 (18)

Preferred schedule to exercise
Multiple
Drop-in

8

65 (23)

(29)

times
Fixed times

On their
own time

2

100 (34)

(7)
18

180 (63)

(64)

57 (22)

98 (38)

161 (62)

Preferred class size
Alone

17

119 (41)

(61)

With a
partner/

4

60 (21)

(14)

trainer
In a small
group

6

105 (37)

(21)

88

102 (39)

55 (21)

98 (38)

In a large

1

25 (9)

group

(4)

24 (9)

Level of difficulty
Easy to
perform
Slow paced

(57)
16

133 (46)

Fast paced

(57)
5

55 (19)

Easy to

(18)
12

117 (41)

remember
Challenging

(43)
5

98 (34)

to perform

4.5.4

16

151 (53)

(18)

135 (52)

116 (45)

49 (19)

104 (40)

93 (36)

Exercise Barriers

Participants did experience barriers related to being able to exercise, with 160 participants
expressing that they do have barriers, and 110 saying that they do not have barriers to
exercise. When considering sex, 64% of men said that they had barriers that stopped them
from exercising, and 54% of women had barriers stopping them from exercising.
Participants were asked to rank how often the barriers stop them from exercise and 21
participants did not respond to the question (n=266), while those that did respond,
responded with: sometimes (n=84, 32%), very often (n=53, 20%), rarely (n=20, 8%), and
always (n=14, 5%). Participants were then asked the most common reason for not being
able to exercise, and 17 participants did not respond to this question (n=270). The most
common reason for not being able to exercise was because participants felt pain when
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exercising (n=63, 23%), do not like exercise (n=41, 15%), or do not want to injure
themselves (n=34, 13%) (Figure 2). Time (n=80, 30%) was reported as the most common
need to be able to overcome the barriers, followed by needing to learn how to perform the
exercises (n=35, 13%). The weather was sometimes (n=108, 40%) a barrier for participants
but was never a barrier (n=52, 19%), or always a barrier (n=14, 5%) for others. When
evaluating differences between men and women, weather was more of a barrier for women
than men, with one-man (3%) indicating that weather always stopped him from exercising,
compared to 44 (17%) women saying weather always stopped them from exercising.
Weather never stopped 8 (29%) men from exercising, compared to 46 (18%) women.
Most participants did not report a medical condition as being a barrier to exercise (n=146,
56%), which was similar for men and women. For those that did report a medical
condition, arthritis was the most common (n=73, 28%), followed by lung disease (n=12,
5%) and mental health issues (n=11, 4%), which was similar for both men and women.

I do not
Other

I do not

I do not want
None of the
I feel bored
I feel pain when

Figure 2: Barriers for why participants are not able to exercise as often as
they would like to. The common “other” reason was related to time and
commitments to family, work, or chores.
90

4.6 Discussion
This study provides insight into the exercise preferences for men and women with
osteoporosis, finding that participants would like support from their friends and family,
preferred to exercise at home, in the morning, on their own time, alone and wanted
exercises that were easy to perform. Most participants had a primary goal of wanting to
improve strength. Participants ranked the least important goal of exercise was to reduce the
risk of falls. This finding is interesting as falls are a common cause of fracture for people
with osteoporosis; and although balance was identified as a concern, falls were not a
concern, suggesting a missed link between balance and falls.
It was not surprising that 90% of the respondents were women, however, this study was
able to obtain a reasonable sample size for the perspective of men. When disaggregating
the data for men and women there were little differences in the preferences of exercise.
The major difference found between men and women was where they preferred to
exercise. Men preferred to exercise at home or at the gym, and women preferred to
exercise at home or outdoors. With consideration of the results, we recommend that 1)
exercise education be provided to individuals with osteoporosis, but that educators should
also provide information to the individual’s social support network to facilitate support of
the individual as they try to maintain a life-long program 2) both men and women should
be targeted for exercise, but the approach may be different, with men preferring to exercise
in the gym and women preferring to exercise outdoors 3) exercise programs should include
a component that can be transferred to a home setting, and 4) more education is required to
highlight the importance of falls prevention for all adults, not just older adults.
An interesting finding from this study is that 74% of women and 64% of men felt that it
was important to have the support from their friends and family to exercise. A mixed
method study looking at the importance of physical activity for people with osteoporosis
found that the social connection is a very important component of exercise for people with
osteoporosis202. Interestingly, although the participants wanted social support, they also
preferred to exercise alone. Support may come from encouragement or helping with other
responsibilities to provide the participant with time to exercise. However, that is
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speculation and a more in depth understanding of how family and friends can support
people with osteoporosis and their exercise needs to be conducted. The mixed method
study mentioned above found that engaging in exercise and physical activity require
consideration of psychological and social factors as well202, emphasizing that exercise
engagement is multifactorial and complex.
A primary focus of osteoporosis management is to reduce risk of falling. In people with
osteoporosis, five percent of falls have been reported to result in a fracture203-205. However,
our study found that reducing the risk of falls was the lowest priority goal with 45% of
people ranking reducing the number of falls as very important. It may have been that the
current study’s cohort of participants were younger (mean age 67.6) and had not yet
experienced a fragility fracture, so they did not appreciate the risk of falls. Further, the
participants did select working on balance (78%) and strength (84%) as two very important
goals, which are components that would prevent falls through physical activity and
exercise, which align with exercise recommendations27, 33, 205, 206.
The results from the current study suggest that participants would like support from their
friends and family, exercise at home, exercise in the morning, and on their own time
(rather than a fixed time), exercise alone and wanted exercises that were easy to perform.
Most participants had a primary goal of wanting to improve strength. With these findings it
suggests that more tools may be required to facilitate at home guidance for exercise for
people with osteoporosis. However, despite the preference to exercise at home, most
participants wanted to learn how to exercise from a healthcare professional or personal
trainer, but time and money were consistent barriers limiting exercise participation.
Exploration into technology-based forums or applications may be a strategy to allow for
virtual instruction while facilitating at home independent exercise. Some success has been
seen in using virtual exercise in a stroke population207, to reduce the risk of falls and fear of
falling208, and to improve muscle strength155. However, as with any exercise programs,
caution needs to be considered to ensure safety. For people with osteoporosis, the risk of
fracturing is multi-factorial and those factors need to be considered when providing
exercise advice173.
There are a few notable strengths and limitations to address for this study. Firstly, this
study is strengthened by the large sample size. As well, the study was able to sample a
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wide variety of individuals with osteoporosis, including a good proportion of men, and of
individuals across a variety of age groups.
A limitation of this study was that the data were collected from a single clinic, reducing the
external validity of results. The clinic is run by an endocrinologist and often consists of
individuals with more complex disease, which may explain why some participants are less
inclined to exercise. We did not have bone mineral density scores to estimate the severity
of their OP, or FRAX scores to estimate fracture risk. It is possible that OP severity affects
exercise goals and preferences.
This study was also limited by not asking participants whether they were currently
exercising, which could have provided insight into the participant responses. As well, since
the survey did not ask participants current exercise practice, some responses may be
biased, for example, if people responded that they prefer to work with a personal trainer,
we do not know if they are currently working with a personal trainer or have ever worked
with a personal trainer. Finally, participants completing the survey suggested that
investigators should have provided a definition of exercise, asked for information on
current employment status, and if whether they currently use technology when
participating in exercise. This feedback will be incorporated into future iterations of the
survey and demographic form.
In conclusion, this study presented the exercise preferences of people with osteoporosis.
The major finding was between men and women were where they preferred to exercise.
Men preferred to exercise at home or at the gym, and women preferred to exercise at home
or outdoors.
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5.1 Lay Summary
An Interpretive Descriptive Approach to Understanding
Osteoporosis Management from the Perspective of People with
Osteoporosis.
We wanted to know what type of exercise people with osteoporosis enjoy doing.
What is the problem?
Managing osteoporosis can be difficult because there are a lot of
people involved. For example, they may need to see their family
doctor, a specialist, a physiotherapist, a dietician, and others as well.
We wanted to better understand how people with osteoporosis take
all this information and make decisions about their healthcare. Then
we wanted to understand which information people with osteoporosis
seemed to prioritize, and why.

How did the team study the problem?

We interviewed 13 people with osteoporosis to talk about exercise, nutrition and fall prevention and who
they reached out to for this information.
What did the team find?

We found several common themes in the interviews which were: understanding fragility fractures and fall
risk, knowledge acquisition through personal and vicarious experience over the lifespan, awareness of
environmental risks and opportunities, understanding the effect of exercise on the bones and in life, challenges
managing exercise expectations, attitude towards non-pharmacological management

From this we understand that people with osteoporosis know that exercise, nutrition and falls prevention
is important for managing osteoporosis but sometimes it’s hard to make the change. People with
osteoporosis weren’t clear on which information they should prioritize.
How can this research be used?

Now that we better understand which information is getting through to people with osteoporosis, we can
make tools to help them better understand the other information. We can also work to educate people with
osteoporosis on how to better manage their disease.
Cautions

Although 13 people doesn’t seem like a lot, it’s not bad for this type of study design. Future studies will
have to use other study designs to see if this information is true for all Canadians.
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5.2 Abstract
Introduction: Although osteoporosis-exercise recommendations have been established,
implementation of the information remains a challenge for people with osteoporosis. This
study aimed to understand how participants integrate osteoporosis management advice into
their lifestyle and the challenges they might face.
Methods: Integrative descriptive methods were used for this qualitative study. In-depth
interviews were conducted with 13 Canadian participants (age range 51-90) that knew they
had osteoporosis. Participants were asked to participate in one-on-one interviews;
discussing exercise, nutrition and falls prevention for people with osteoporosis.
Results: The following themes emerged from this study: understanding fragility fractures
and fall risk, knowledge acquisition through personal and vicarious experience over the
lifespan, awareness of environmental risks and opportunities, understanding the effect of
exercise on the bones and in life, challenges managing exercise expectations, attitude
towards non-pharmacological management
Conclusion: Participants recognized the benefit of non-pharmacological management for
managing osteoporosis, but sometimes found it difficult to integrate into their daily
activities due to lack of time or knowledge. Participants weren’t always clear on which
component of their osteoporosis management should be prioritized.
Keywords: Osteoporosis, nutrition, exercise, falls prevention, qualitative
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5.3 Introduction
Osteoporosis is a metabolic bone disease affecting one in three women and one in five
men209. Osteoporotic fractures account for 80% of all fractures in people over the age of
50, leading to increased morbidity and mortality209. Osteoporotic fractures can occur from
a low trauma incident1, such as slipping on ice or tripping on a curb. With an aging
population the prevalence of osteoporotic fractures is expected to increase1.
Clinical management of osteoporosis is approached through both pharmacological and
non-pharmacological methods. Routine practice for a patient suspected of having
osteoporosis consists of a physical examination by their physician to assess any height loss
or changes in posture 28. Height loss of greater than 2 cm in a year is an indication of a
vertebral fracture 210, 211. Depending on the medical history, patients may be recommended
to get a bone density scan (DXA), and then the clinician will determine the patient’s 10year risk of fracture 212. Patients are categorized into low, moderate, or high risk of
fracture, and treatment strategies are based on fracture risk and disease progression, in
conjunction with patient preferences and clinical expertise. Typically, those with low
fracture risk are managed non-pharmacologically, while those at high risk require
additional pharmacological management. Non-pharmacological management of
osteoporosis encourages patients to exercise daily and have a diet with sufficient vitamin D
and calcium-rich foods 28.
Guidelines for exercise in people with osteoporosis have been established, with slight
modifications for those that have sustained a vertebral fracture compared to those who
have not 27. Generally, the guidelines recommend 20-minutes of daily balance training,
posture awareness, strength training each of the major muscle groups at least twice weekly
and aerobic training, but not to the exclusion of strength training 27. Despite clear
pharmacological and non-pharmacological osteoporosis management guidelines, uptake
and adherence to treatment continues to be a challenge.
Patients find it difficult to perceive and interpret the diagnosis of osteoporosis, their current
risk of fracturing and knowing how to manage their day-to-day with osteoporosis213.
Several studies have shown that the diagnosis of osteoporosis can lead to psychological
and physical consequences, affecting quality of life214-218. A systematic review of
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quantitative studies found that structure and psychological determinants of health
behaviour need to be understood to better understand and manage osteoporosis219. One
strategy is through educational programs, which may increase the patient’s knowledge of
osteoporosis and improve their adherence to treatment but may not actually change health
behaviour220-222. Treatment for osteoporosis is multi-factorial. Currently there are studies
available looking at how patients perceive pharmacological management, or nonpharmacological management, but no studies have looked at the patient’s perspective on
both. It’s not clear if there are gaps in disseminating the information, and what information
patients seem to prioritize. As well, many studies look at older adults with osteoporosis
(over the age of 65)31, 213, 219, despite evidence suggesting that people over the age of 50
should be screened for osteoporosis and could begin a non-pharmacological intervention2, 4,
223, 224

. There remain gaps in the literature in understanding patient’s perspective of how

their osteoporosis has been managed non-pharmacologically.
This study aimed to understand how participants integrate osteoporosis management
advice into their lifestyle and the challenges they might face.

5.4 Methods
An interpretive descriptive methodology was used for this qualitative study225, 226.
Interpretive description is aligned with constructivist and naturalistic style of inquiry226, 227.
This methodology is commonly used in a clinical context of applied health disciplines226,
227

. The strength of interpretive descriptive methodologies is that there is a coherent logic

and structure designed towards the generation of practice-relevant findings226, 227.
However, there are also challenges in the degree of interpretation and that this is a lesserknown methodology226, 227. Generally, the methods for interpretive descriptive
methodologies are similar to that of traditional qualitative methods but acknowledges that
the researcher is involved in the study and may not be completely impartial227.

5.4.1

Participants and Procedures

In-depth interviews were conducted with 13 Canadian participants (age range 51-90) that
knew they had osteoporosis or osteopenia, as told by their physician, taking place between
February to April of 2019. Three participants refused to participate due to lack of interest
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in the project. Participants were asked to participate in a one-on-one interview. The
interview guide was piloted with the first participant, but no major changes were made and
therefore the data was included in the overall sample. Participants were encouraged to
speak freely and openly about their experience with osteoporosis. The semi-structured
interview guide was structured to prompt discussion around which medical professionals
the participants have seen for their osteoporosis management, the advice they received
about managing their osteoporosis, and a specific focus on whether they had received
advice about exercise, nutrition, and falls prevention for osteoporosis. Goals and
knowledge gaps related to osteoporosis management were explored to further understand
how their osteoporosis care could be modified to better suit the requirements of living with
osteoporosis.
Participants were selected from a medical clinic in Ontario, Canada. Eligible participants
were selected based on having osteoporosis or osteopenia, being able to speak and
understand English, and capable of providing informed consent to participate. Patients with
secondary osteoporosis were excluded from this study. Participants were approached in the
clinic and were provided with the letter of information and consent. Interested participants
reached back out to the lead student researcher to set up an interview day and time.
Participants had the opportunity to ask any questions about the letter of information before
signing consent. The interview took place in a location of the participant’s preference,
often a Starbucks. Participants were reminded that their conversation was taking place in a
public location and to be mindful of that when answering questions. Participants signed the
informed consent prior to being interviewed. The interviews were audio-recorded on a
digital recorder. To achieve purposeful sampling, recruitment consisted of women in the
earlier stages post-menopause, older women, and men. The sample provides both depth
and different dimensions of emerging themes. The data were analyzed throughout the data
collection period to allow for constant comparison and an indication of when theoretical
saturation was reached. Three authors (CZ, RF, and TP) performed the constant
comparison and met frequently to discuss the findings. There were several instances where
there was disagreement between themes, which were resolved by the supervising author.
Constant comparison was used to assess the quality of the questions being asked, verifying
that participants understood the questions, and allowing the evolution of questions. For
example, it emerged that participants valued non-healthcare providers advice for their
99

osteoporosis, so future iterations of the interview guide explored that theme more
thoroughly. Data collection was ceased when theoretical saturation was reached, which is
when no new information was provided in the last 2 interviews.
A total of 13 participants were interviewed. The average length of the interview was 45
minutes, with the shortest interview at 34 minutes and the longest interview at one hour
and 15 minutes. The mean age was 66, mean age at menopause was 46, and mean number
of fractures was two. A total of 12 females and one male was included, three participants
have osteopenia and seven have osteoporosis, and two participants self-reported that they
did not know (however the study physician did confirm they had osteoporosis). The
fracture risk included participants in low, moderate, and high risk of fracture (Table 1).
Table 1: Participant demographics and response to
demographic survey data
Age of
participants
(Mean (SD))

66 (10.9)

Age at
menopause
(Mean (SD))

46 (9.2)

Sex (N)

Female (2)
Male (1)

Primary dwelling
(N)

City (12)
Rural (1)

Osteoporotic
fracture (Mean
(SD))

0.61 (0.87)

Location of
fractures (N)

Wrist (5)
Hand (1)
Arm (2)

Diagnosis (N)

Osteoporosis
(9)
Osteopenia
(3)
100

Don’t know
(1)
Self-Reported
Fracture risk

Low (1)
Moderate
(3)
High (4)
Don’t know
(5)

Taking
osteoporotic
medication

5.4.2

Yes (6)
No (7)

Data Analysis

Data analysis occurred manually and simultaneously with the data collection 228, 229. The
interviews were stopped once theoretical saturation was reached. A single researcher (CZ)
transcribed all the interviews verbatim. Three researchers (CZ, RF, and TP) analyzed all
transcripts independently and then discussed the codes to develop the themes. Data was
coded sentence-by-sentence to identify emerging themes 228.
Data was first coded for major categories of information, where a category was defined as
“concepts that pertain to the same phenomenon” 228. Relationship and similarities among
categories were discussed leading to the formation of themes
Several strategies were employed to establish trustworthiness in this study230. The methods
used in this study were based off previous similar studies213, 231, iterative questioning was
used to ensure honest answers from participants, as well peer scrutiny was used in the final
stages of the manuscript to reduce the risk of bias from the first author230. All these
strategies were used to help improve the credibility of this work. Dependability was
established by using an appropriate research design and implementation, and through
reflective appraisal of the project230. As mentioned, three independent researchers analyzed
all the transcripts to reduce bias from the lead researcher. The codes were compared, and
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themes were established. The themes were then presented to a larger group of researchers,
further supporting the trustworthiness of the data.

5.4.3

Ethical Considerations

This study was approved by the University’s Research Ethics Board and Lawson Health
Research Board (#113036). This project fulfills requirements on research including
information, consent, confidentiality, and safety of the participants and was guided by the
ethical principles: autonomy, beneficence, non-maleficence, and justice. Data collection
was conducted with confidentiality and with informed consent from the participant.
Participants received both verbal and written information about the project and that they
could withdraw from the project at any time without any explanation.

5.5 Results
The following themes emerged from this study: Understanding fragility fractures and fall
risk, Knowledge acquisition through personal and vicarious experience over the lifespan,
Awareness of environmental risks and opportunities, Understanding the effect of exercise
on the bones and in life, Challenges managing exercise expectations, Attitude towards nonpharmacological management

5.5.1

Understanding Fragility Fractures and Fall Risk

A recurring theme that arose from the interviews was understanding what was considered a
fragility fracture, and which fractures might be considered osteoporotic fractures. Several
of the participants mentioned that they broke a bone, which initiated the trajectory to
getting diagnosed with osteoporosis. However, it was also common that the participants
did not feel that bone frailty was the cause of the fracture. One participant explained that
she tripped up a curb but felt it was high enough impact that she was not surprised she
broke her wrist. There continues to be confusion around what is considered a low impact
injury, what is a fragility fracture, and what the consequences of the fragility fracture are.
For example, another participant mentioned that she knew she had a fragility fracture, but
she did not believe that having a fragility fracture affected her future risk for fracture: “(…)
I really don’t think so. I don’t want to say I don’t believe them (health professional). I just
don’t think it’s as big of an issue as they first said.” Female, Age 70
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Other participants relied upon imaging rather than health professional advice for their
understanding of bone fragility: “she said I was moderate to high risk for osteoporosis……
And then the fracture. And she showed me what a normal bone scan should be and what
mine looked like.” Female, Age 60
This type of conversation was common, as participants were unclear what their future risk
of fracture was, however, there were times that they were aware of their risk of fracture but
believed they could overcome it: “I think there are risks and life is full of risks, if a person
becomes too obsessed with risk, (…) she lives a life that is a death. And I don’t want to do
that. And I’m also not going to be stupid.” Female, Age 57
However, the fear of falling made one of the interviewees stop performing activities and
exercises due to the risk of fall and fracture: “I also said to myself you need to be more
aware of how you walk. You must stop doing things that could make you fall. But that’s
when I stopped doing all the other physical stuff, the nice stuff that I did with the kids.
Skating, tobogganing, I just stopped it all because I was worried about falling. And now, I
must tell you, because I even fell in my own kitchen.” Female, Age 62
Although mentioned by the above interviewee, falling at home or work wasn’t a concern
for all participants: “I’m not really afraid of falling at home or work because I’m always
holding onto the banisters. I won’t go up and down stairs without holding on.” Female,
Age 64
Fortunately, many of the participants recognized that exercise is helpful for reducing the
risk of fracture and were able to correctly identify the benefits of exercise. One participant
explained: “[exercise] sure helps in the risk factors if nothing else. If it is not going to build
up or halt the progression of the degeneration, at least the strength you receive from the
exercise certainly helps and the muscular strength helps as far as being high risk of
fracture” – Female, Age 70
Engaging in an exercise routine to reduce the risk of fracture was a motivator for the
participants but understanding the impact of exercise on bone density was confusing.
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5.5.2
Knowledge Acquisition Through Personal and Vicarious Experience
Over the Lifespan
From the interviews, it was evident that participants drew a lot of their osteoporosis
knowledge from past experiences or people that were close to them who had experienced
osteoporosis. It was very common that participants drew on their parental experiences with
osteoporosis to guide their management of osteoporosis:
“…because of my mom. She’s been to the falls prevention clinics over the years and
obviously with [her husband] I knew right away, and I was the one that said you have to
have a walker now. And he didn’t want it at first, but of course he didn’t even want to have
the cane. But now that he’s using it, he’s so on board. He sees how important it is and how
much more comfortable he is. And so, I think I have a good knowledge of the process. And
I have a lot of aches and pains in my hips and my knees and so I tend to hold the railings
all the time. I’m a total rail holder.” --Female, age 61
This participant understood the risks of falling from watching her husband manage
secondary osteoporosis and her mom manage primary osteoporosis. She knew the
importance of taking additional precautions to avoid falling. Another participant has had
to experience caregiving for her mother-in-law who had osteoporotic fractures, and her
daughter who also experienced very low bone mineral density. Caregiving for others has
made her more cautious about avoiding risks of fractures. She has modified her
participation in certain activities out of a fear of fractures. She mentioned:
“[my mother-in-law] would bang her leg against the toilet and break her leg. And our
daughter… she just touches something. She constantly has a broken bone somewhere in
her body, most of the time. Its’ really sad.” – Female, Age 88
Due to the connection with her daughter’s high risk of fracture from being on medication
for longer than recommended, this participant has gone against the advisement of her
doctor to begin medication.
Few participants reported modifying their diet for their osteoporosis, there was a
discussion on the fact that they already eat healthy and that should be sufficient for their
osteoporosis as well. A couple of the participants sought advice from a dietitian to be able
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to meet their dietary goals and needs for osteoporosis, but most participants relied on the
advice of their physicians for dietary advice.

5.5.3

Awareness of Environmental Risks and Opportunities

Environmental factors were more commonly described to affect the risk of falling for
people with osteoporosis. No participants discussed environmental modifications to
improve exercise or nutrition habits. Participants were able to identify that there are risks
in their home environment and the outside environment, and often took measures to reduce
the risk of falling. One participant recognized that carpets are a fall hazard and said “we
have taken our carpets”- Female, Age 88. She described a situation where both her
husband and her son tripped over the same rug in their hallway entrance. Seeing that the
rug was a tripping hazard and increased their risk of falling she had it removed. She was
quick to make home modifications to reduce the risk of falling and continue to live
independently.
A common fear of falling in patients with osteoporosis is the Canadian winter conditions.
One participant recently fell and explained her experience: “I wasn’t walking! I just had a
little patch of ice. And if I know it’s going to be icy then I put on the ice picks on my
boots.” – Female, Age 60
Although she recently fell, she does recognize that there were environmental modifications
she could have made, by adding ice picks to her boots to reduce the risk of falling on ice.
Other participants have mentioned improving their footwear choices to reduce the risk of
falling during the winter season.

5.5.4

Understanding the Effect of Exercise on the Bones and in Life

Interviews demonstrate that participants were confused of how much of a benefit exercise
will have on the bones. One participant explained her internal conflict of whether she could
manage her osteoporosis non-pharmacologically, because she did not want to begin
pharmacological management. The quote below is an indication of her mental struggle to
try to justify only using non-pharmacological intervention.
“The logical part of my brain that what (exercise) it’s going to do is strengthen the
muscles to support the bones so I’m more likely to um be stable and prevent myself from
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falling or recover if I slip. The magical thinking is (……) there is a possibility of
increasing bone density with exercise.”—Female, age 57
Although the effect of the exercise on the bones remained confusing for some participants,
the effect of the exercise in others life domains seems clear, even when the participant
chooses to not do exercise, the knowledge about the benefit of exercising emerge.
“At this point well, osteoporosis is a weakness of the bone so if you could keep the muscles
and everything strong around the bones, it’s less likely you’ll fall and fracture it. I mean I
know that. It’s not that I don’t. I just don’t do it.” Female, Age 62
It was clear from the interviews that participants knew that exercise was beneficial but
there seemed to be a lack of urgency to manage their osteoporosis because they couldn’t
feel the disease. One participant explained “I guess because it’s been a slow progress, I
don’t notice it as much.” Female, Age 62. This lack of urgency meant that they didn’t
always adhere to the exercise recommendations or modify their lifestyle to reduce the risk
of falls, or consider which nutritional needs they might need to better manage their
osteoporosis.

5.5.5

Challenges Managing Exercise Expectations

A major concern for younger participants who were diagnosed with osteoporosis, was their
possibility of return to pre-osteoporosis exercises. Specifically, one participant found that
the advice provided to her from her physician, while conservative, might not have
considered her own fitness levels. She said that the physician’s “advice regarding exercise
was very troublesome to me” because the physician advised her to: “stop cycling which is
a very big part of my life. She said I can walk. And when I said what about yoga, she said
there are all sorts of twists you can’t do.”; the way in which this participant was told to
manage her osteoporosis was very hard for the participant, since these activities were “part
of her identity”—Female, age 57.
Another participant, who was very active prior to her diagnosis of osteoporosis, found that
advice to stay active was very important to her. The participant made it clear that exercise
is a very important part of her life.
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“I have been exercising pretty much all my life. More intensely since my mid 30’s. I think
there are so many health benefits in terms of your cardiovascular health, you muscle
development, bone strength, keeping at an optimal weight. But for me, it’s really keeping
my mind at a healthy place. And releasing the good feel serotonin hormones. Making the
stresses in your life a little more bearable, taking the time for yourself, to care for yourself,
those kinds of things.” –Female, Age 51
However, she also wanted to ensure that her participation in exercises were safe. She was
worried that exercising might increase her risk of fracturing:
“It’s having the barbell or dumbbell slip or evening tripping and falling over a dumbbell.
So, I’m very cautious of where things are. But really it’s just being very careful about the
movements and how they’re impacting your body.” Female, Age 51
Conversely, one of the participants recognized the benefit of exercising with osteoporosis
as: “the confidence I have in walking. My balance, I mean even putting on my PJs.” –
Female, Age 70.
Participants consistently mentioned their frustration in not being able to fully return to their
normal exercise routine, prior to their diagnosis with osteoporosis. One participant had a
very complex medical history and expressed frustration when attempting to reach her
fitness goals:
“For every small goal you can achieve, it’s a large goal in the end. And when I first
started the exercise program, I think I was frustrated with myself because I realized there
were things, I couldn’t do but I kept thinking no you have to do them. Motivating yourself
to continue to do them.” Female, Age 62.
Her self-motivation allows her to continue to manage her osteoporosis through lifestyle
modifications.
For some participants it was not about return to exercise, but rather being able to maintain
daily activities. For one interviewee, she wanted to maintain her independence by
continuing to participate in home maintenance and chores. She describes doing her daily
activities as: “I vacuum, I dust, I wash floors, I paint walls, I clean windows”. – Female,
Age 88. Maintaining daily activities was made possible for one of the participants by
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adapting a walking stick and making sure home modifications were installed, so he could
continue grocery shopping and moving around in the neighborhood.
Although fear has not stopped all participants from limiting their daily activities, one
participant mentioned that she previously enjoyed hiking, but due to her concerns of
falling, she has had to stop: “It limits the hiking these days. I’m quite nervous about going
down hills down. I always never minded going up, but I never liked going down, but now
I’m actually terrified of going down”- Female, Age 59.
Conversely, one participant mentioned that he does not prefer to be physically active, but
has recognized the importance of exercise, since being diagnosed with osteoporosis. His
preferred pre-diagnosis activity would be to sit down and read a book: “I’d rather sit there
with a good book. If I don’t force myself I won’t [be active]” – Male, Age 90.
One participant mentioned that she prefers to stay active and does not let her osteoporosis
play a factor when choosing activities. She mentioned that she took up golf and curling to
connect with her husband and did not consider her osteoporosis when making those
decisions.
“I just try to keep doing what I’ve always done. Try to get there a couple times a week to
get there for muscle bearing muscle class and try to work in as much cardio as I can. I like
to count my steps if we’re walking. I curl in the winter so sometimes that interferes with the
times I can go to the gym depending on how busy that is. And golf season starts, and I golf
a little bit. And the gym has been a constant thing in my life. But curling and golf are a new
thing for me, like in the last 5 years.” –Female, Age 59
Other participants mentioned that their activity and nutrition is guided more by their
personal preferences than their osteoporosis. One participant explained that despite her
osteoporosis, she wishes to continue to ride her bike at the cottage and go on hikes. She
was interested in learning about how to make those activities safer for her osteoporosis.

5.5.6

Attitude Towards Non-Pharmacological Management

When observing participants discuss about their willingness to participant in an exercise
program, their attitude towards exercise contributed to their commitment to participating in
exercise. Some of the participants felt that exercise was an integral part of their life and did
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not want to stop exercise for any reason. For those participants, the diagnosis of
osteoporosis was challenging out of fear of having to stop exercising.
On the other side, there were participants who never enjoyed exercising and did not
consider exercise as part of their identity: “I have never really been an exercise person,
that’s my fault. So, what I did at that point was I needed to up my vitamins and do other
things. I knew I had a weakness which as exercise”. – Female, Age 62
For these participants, being told that exercise is an important part of managing
osteoporosis was difficult to hear, because they did not want to adhere to that portion of the
recommendations. It seemed that the participants less engaged in exercise were much more
aware of their nutrition and falls prevention needs and would manage their osteoporosis
through their diet or using supplements.
Despite how aware some people were of the osteoporosis management recommendations
or how well the information has been disseminated to them, a barrier to being adherent was
other responsibilities and commitments. Largely, caregiving responsibilities contributed to
not being able to exercise as often or in the same way the person would like to. For
example, one participant mentioned she always enjoyed going on hikes with her husband,
but recently his health had deteriorated, and she cannot go on the hikes anymore:
“With [my caregiving role] I cannot swim or go to yoga or whatever. The different times
with [her husband] have been when I put on the most weight. So, when he broke his pelvis
and I was in the hospital every single day all day, and I really didn’t exercise, and I think I
was comfort eating with lots of bad food.” – Female, Age 61
As well, the participant mentioned that her nutrition is worse when her husband is sick,
engaging in more alcohol consumption.
On the other side, one participant mentioned that she is more cautious about staying active
and reducing the risk of falls because her husband has osteoporosis. She mentioned that
although she also has osteoporosis, she is more concerned about caring for him: “I think
about his (risk of fracture), but I don’t’ think about mine… I’m more worried because he
broke two arms last year.” –Female, Age 88
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5.6 Discussion
This study aimed to better understand people with osteoporosis’ perspective on nonpharmacological management of osteoporosis and their perspective on acquiring
knowledge about the disease. The following themes emerged: understanding fragility
fractures and fall risk, understanding the effect of exercise on the bones and in life,
challenges managing exercise expectations, knowledge acquisition through personal and
vicarious experiences over the lifespan, awareness of environmental risks and
opportunities and attitude toward having osteoporosis. Previous studies have identified
barriers and facilitators to exercise in people with osteoporosis232-234, but this study
advances the knowledge by discussing the exercise recommendations as well as nutrition
and falls prevention strategies for managing osteoporosis.
The current study found that their attitude towards exercise dictated their willingness to
participate in physical activity. Interestingly, a systematic review identifying the barriers
and facilitators in participating in healthy behaviours found that participants with weight
loss goals engaged in less physical activity than participants exercising for stress-relief and
gaining a sense of wellbeing 235. The current study corroborated these results in that the
participants who exercised for their mental health or to feel good seemed more committed
to returning to their pre-osteoporosis fitness. Another qualitative study occurring the UK
similarly found that facilitators to engaging in exercise for people with osteoporosis were
having clear tangible benefits and integrating the exercise into daily activities 236. Barriers
were damaging joints, falling or other safety concerns, and conceptualizing the bones 236. It
is important to understand that similar themes for barriers and facilitators of exercise are
seen globally, and behaviour change interventions may benefit people with osteoporosis
worldwide.
In the current study we found that participants were more likely to engage in nonpharmacological strategies if the participants were concerned about osteoporosis, as a
disease and believed non-pharmacological intervention might help. Conversely many
participants expressed not being able to feel the decline in bone mineral density and would
forget that they had osteoporosis. In a qualitative study inquiring about people’s decision to
take osteoporosis medication, they were less likely to take the medication because they did
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not believe that osteoporosis was a serious health concern 237, and were more likely to
begin taking osteoporosis medication if they had trust in their healthcare provider 237.
One target population that may require additional attention is men with osteoporosis. The
current study only had one male participant, limiting the ability to understand osteoporosis
management from the male’s perspective. Other studies have explored the male’s
perspective and found that men were not as well aware of their osteoporosis or how to
manage it 238. A systematic review was conducted specifically to understand men’s
perception of living with osteoporosis, identified four publications, indicating that there is
a substantial research gap 239. The review concluded that there is a gap in the healthcare
delivery supports for osteoporosis that preferentially disadvantages men 239, such as men
not being flagged in the emergency room as at risk for osteoporosis as often as women.
When it comes to engaging in activity, it was found that men were more risk-takers as they
did not want to limit their lifestyle, and minimized the importance of their diagnosis 232, 239.
In the current study, the one male participant said he relied heavily on his wife for his food,
home modifications, appointments, and recommendations on how to manage his
osteoporosis. Relying on the support of a spouse or family member might be one strategy
to improve the update of osteoporosis recommendations for men.
Conceptualizing this complex topic may be further facilitated through the International
Classification of Functioning, Disability and Health (ICF) framework. The ICF framework
is helpful to account for not only the disease (osteoporosis) and the body function (a
fracture or declining bone mineral density) but also the participant’s activity, participation,
environmental factors, and personal factors. The ICF has been used as a framework for
people with osteoporosis240 and could also be applied to this topic both through research
and for clinical management.
Clinically, there are several implications that can be drawn from the results of this study. It
seemed that many of the participants were interested in non-pharmacological management
of osteoporosis, but weren’t always clear how to engage in exercise, and falls prevention
strategies. In this case, patients should be seeking out, and physicians should be referring
patients to a BoneFit™ trained physiotherapist. Not all physiotherapists are trained in
nutrition, so seeking support from a dietitian would also be beneficial. People with
osteoporosis should be encouraged to remain active, but special considerations should be
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made towards how the activity is being done, which activities are prioritized, and proper
alignment should always be encouraged27.
This study uniquely asked participants about exercise, nutrition, and falls prevention
strategies for treating osteoporosis, rather than focusing on only one treatment strategy,
providing insight into treatment management for people with osteoporosis. A variety of
patients with osteoporosis were interviewed with an age range of 51-90, from a variety of
ethnical backgrounds and from both rural and urban cities. There are several limitations in
this study. Firstly, it is acknowledged by the author that there may be personal bias
associated with the analysis and questions, the methodology was selected to account for
that, and to provide a more clinical perspective to the data. Further, the participants were
eager to participate in the study and may have been more proactive with their health care
professionals to seek information, potentially leaving themes unknown for patients that are
passive with their osteoporosis care. Participants were recruited from one geographical
location, decreasing the generalizability of these results. Finally, some of the interviews
took place in a public location, with consent from the participant, but it is possible that
those participants may not have spoken as freely.
In conclusion, this study focused on the non-pharmacological care for people with
osteoporosis. Participants recognized the benefit of non-pharmacological management for
managing osteoporosis, but sometimes found it difficult to integrate into their daily
activities due to lack of time or knowledge. Participants weren’t always clear on which
component of their osteoporosis management should be prioritized. More research is
required to address men with osteoporosis, and behaviour change strategies to better ensure
people with osteoporosis are adhering to the non-pharmacological osteoporosis
recommendations are required.
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Hands Up Program: Results of a Feasibility Study of a

Randomized Controlled Trial of an Exercise and Education
Program for Adults Aged 50-65 Post Distal Radius
Fracture
Christina Ziebart, Joy MacDermid, Dianne Bryant, Mike Szekeres, and Nina Suh
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6.1

Lay Summary

Hands Up Program: results of a feasibility study of a randomized
controlled trial exercise and education program for adults aged 50-65
post distal radius fracture
We wanted to know if people are willing to do a whole-body exercise program and listen to
education videos after they have a broken wrist.
What is the problem?
A broken wrist can be the first sign that someone between the age of 50-65
might have osteoporosis. Right now, rehabilitation after a broken wrist
focuses on making the wrist move better, but it doesn’t help with the risk
of osteoporosis.
We wanted to create a whole-body exercise program for people after a
broken wrist, who are at risk of developing osteoporosis. We also wanted
to give them education videos.

How did the team study the
problem?
We recruited 63 people between the age of 50-65 who had a broken wrist. There were two groups.
One group participated in the exercise and education program, and the other group carried on with
their usual care.
What did the team find?
We mostly wanted to see whether this was a type of program that people were interested in doing. It
is more of a time commitment to participate in this whole-body exercise and education program, so
we needed to make sure there was interest. We set criteria to determine if this was a good. Most of
our criteria were met, suggesting that it is a good program.
How can this research be used?
This is first program to think about doing a whole-body exercise and education program for people
50-65 with a broken wrist. The goal is to try to stop any future broken bones caused by osteoporosis.
We will have to do a bigger study to make sure that the health of these people is better than what is
currently being done in care. If the larger study is better, then we can suggest adding this as part of
the way usual rehabilitation is delivered to people with a broken wrist.
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Cautions
This is just the beginning! There is still a lot of work that needs to be done before we can say that this
type of a program is any better than what is already being done.

6.2

Abstract

Purpose
Distal radius fractures (DRF) are typically the first indication that someone has osteoporosis,
however, current management of DRF focus on restoring range of motion and strength in the
wrist, but do not acknowledge the potential risk for osteoporosis. This study provided a 6-week
full body exercise program and education about osteoporosis and non-pharmacological
management. This study was designed to evaluate the feasibility of a larger trial examining the
effects of a whole-body exercise and education program for people 50-65 after a DRF.
Methods
Community dwelling individuals between the age of 50-65 with a radiographically confirmed
DRF were recruited from the Roth| McFarlane Hand and Upper Limb Center in London, Ontario.
Participants were randomized in a 1:1 ratio into either the Hands Up Program which was a twice
weekly exercise and education program for 6 weeks, or the control group where they proceeded
with usual care. The intervention was delivered online through website where participants
created a unique username and password to access. The primary feasibility outcomes of the study
were recruitment rate (74 participants in 1 year), retention rate (75% completion), and
intervention adherence rate (60% of completion of the exercise program). Secondary outcomes
included strength, range of motion, self-reported outcomes, and bone density.
Results
63 participants were recruited in 12 months. Retention met the criteria for success with 75% of
participants attending their 6-month visit. Adherence was not met, with the average adherence at
56%. Six participants formally withdrew from the study, four due to the time commitment and
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two without explanation. Three of the participants that withdrew were in the intervention group,
and two in the control group.
Conclusion
Adherence was a challenge and future iterations of this intervention should consider strategies to
improve adherence.

6.3 Introduction
There have been several factors reported to be associated with negative outcomes after a DRF,
such as higher age,123 female sex123 and joint involvement during play and work (i.e. jobs
requiring high demands from the hand and wrist typically have worse outcomes than jobs that
require minimal use of the hand and wrist)90, 94 are potentially related to sustained feelings of
pain and disablement. Several studies have looked at the effect of DRF pain across a variety of
age categories and found statistically significant differences in those aged above 65 and below
65.123 In an observational cohort study of over 1500 participants the highest incidence of fracture
occurred in the 51–65 age group, with men reporting the highest pain in that age group.241 It was
hypothesized that the high incidence of fractures found in those people aged 51–65 is likely due
to changes in bone mineral density, potentially caused by osteoporosis.
Osteoporosis is a bone disease that occurs from a decrease in bone mineral density, increasing
the risk of non-traumatic fractures. Fractures in the wrist, hip and vertebrae are the most
common. However, a fracture at the wrist is usually the first indication of the presence of
osteoporosis.102 People with osteoporosis who are not taught to modify their lifestyle,
specifically through exercise, nutrition and fall prevention strategies, are more likely to suffer
more debilitating fractures of the hip and spine later in life.242 Current wrist fracture
rehabilitation focuses on restoration of joint mobility and hand function,102 and focuses on those
over the age of 65. However, those 50–65 years of age represent the largest group of people
presenting with wrist fractures.241 They may require more targeted rehabilitation approaches
since their bone health and activity levels are different from older adults. Further, early
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intervention provides the opportunity for preventing future debilitating fractures of the spine or
hip.
There is little information conveniently accessible to people related to exercise, nutrition and fall
prevention to reduce the risk of osteoporotic fractures.232 The goal of this research is to develop
and test a novel exercise and education group intervention (Hands-Up) that will incorporate
education on bone health, prevention guidelines, nutrition and fall prevention, with an online
exercise class and a structured virtual home safety assessment. Specifically, is the Hands-Up
program a feasible intervention for patients aged 50–65 with a low-impact DRF? Secondarily, is
there evidence that the Hands-Up program will produce better range of motion (ROM) and
strength, and reduce pain compared to usual physical therapy for patients aged 50–65 with a lowimpact
DRF when tested in a fully powered randomized clinical trial? This multimodal intervention will
target the major risk factors for secondary fractures, to enhance functional recovery and health
following a DRF, compared with usual physical therapy for wrist fractures.

6.4 Methods
6.4.1 Study Design
The full protocol for this two-arm, pilot single-blinded parallel RCT has been previously
described243 (ClinicalTrials.gov registration NCT03997682). Briefly, Hands Up trial recruited
community-dwelling adults between the age of 50-65 years with a radiographically confirmed
distal radius fracture who were randomized using sequentially numbered opaque envelopes.
Patients were randomized into either the Hands Up Program where they performed an online
home whole body exercise and education program, twice a week for 6 weeks, or into the control
group where they proceeded with usual care. Participants were recruited through the Roth|
McFarlane Hand and Upper Limb Center (RM-HULC). Participants were identified through
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chart review and treating physicians. All participants gave their informed, written consent and
the study was approved by the research ethics board at both Western and through Lawson.
Participants completed outcome assessment at baseline, 6 weeks, 3 months, and 12 months,
administered by a blinded research assistant (RA), however, the self-reported outcome measures
were conducted online at the participant’s home, to reduce the amount of time spent in the
hospital during the COVID-19 pandemic. Participants were instructed to complete daily diaries
(brought in at each study visit) to record physical activity, falls and health-related events

6.4.2

Participants

Participants were included if they were a patient at the RM-HULC, if they had a DRF within the
last 6-10 weeks, aged 50-65, were able to speak and understand English and were able to provide
informed consent. Participants were excluded if they had any contraindications to exercise,
progressive neurological disorders that would affect study participation, unable to stand or walk
independently and unable to provide consent.

6.4.3

Intervention/ Control Activities

The exercise and education program has been described in detail previously243. The exercise
program targeted strengthening and range of motion for the upper extremity, lower extremity,
and static and balance training. The control group participated in their usual care which would
typically involve hand therapy for approximately 6 weeks after their cast had been removed.

6.4.4

Outcome Measures

The primary objective of the study was to evaluate the feasibility of a larger trial. Feasibility
outcomes focused on recruitment, retention, and adherence.

6.4.5

A Priori Criteria for Success

Recruitment was considered feasible if 74 participants were recruited over one year. Retention
was considered feasible if at least 75% of the sample completed the final study visit at 12 months
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(partial visit completion was acceptable). The a priori criterion for successful adherence was
defined as at least 60% completion of the Hands Up Program two times weekly for six weeks.
These criterion were based on another pilot randomized control trial conducted in people with
osteoporosis that had sustained a vertebral fracture244.

6.4.6

Secondary Outcome Measures Included

Physical performance: grip strength, Step Test, Biodex Balance Test and Five Times Sit to Stand
Test.
Self-report: physical activity (rapid assessment of physical activity. personalized exercise
questionnaire), self-reported bone health behaviours, hand function (ROM, Patient-Rated Wrist
Evaluation Questionnaire).
Bone density measure: dual energy X-ray absorptiometry (DXA), measured at the wrist, femur,
and total body.

6.4.7

Sample Size

The sample size target for this study was 74 participants. This was based on multiple papers and
criteria for pilot studies, and to provide sufficient data to pilot245, 246 our disaggregated sex and
gender based analysis plan247.

6.4.8

Statistical Analysis

Descriptive data are presented as mean and standard deviation for continuous data, and count and
percent for categorical data. Recruitment rates were defined as the total number of participants
randomized over the 12-month recruitment window. Retention was the count of participants that
had any data at the 12-month final visit time point. No imputation of missing data was
performed. Preliminary analyses of secondary outcome measure treads were evaluated to
determine which measures should be included in a fully powered RCT. Scatter plots of outcomes
at baseline are presented for the following outcome measures: four meter walk, five times sit to
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stand, timed up and go test, Biodex fall score, Biodex overall posture score, pronation,
supination, wrist flexion, wrist extension, ulnar deviation, radial deviation, grip strength and
pinch strength, to see the distribution of the variables. An effect size was used to show the within
group effects from baseline to 6-weeks in: four-meter walk, five times sit to stand, timed up and
go test, pronation, supination, wrist flexion, wrist extension, ulnar deviation, radial deviation,
grip strength and pinch strength. All statistical analyses were conducted using SPSS version 24
(SPSS Inc., Chicago, IL, USA). Statistical significance is considered at p<0.05.

6.5 Results
6.5.1

Participants Characteristics

There were 259 adults aged 50-65 with a suspected distal radius fracture that were further
screened for eligibility through the RM-HULC. Of these, 13 were not eligible to participate, 119
expressed interests in participating in the study, 66 consented to participate and 63 attended the
baseline visit. Of those that were ineligible, 2 had a self-reported cognitive impairment or were
chronically ill, 5 did not have a broken wrist, 1 participate broke their wrist over a year ago, 4 did
not have access to a computer, 1 could not speak or understand English, and didn’t have access
to support for translation. Three participants withdrew their consent before attending their
baseline visit. One participant withdrew their consent because of COVID and did not want to risk
potential exposure, and the other two withdrew due to the time commitment (Figure 1).
Therefore, 63 participants were randomized between March of 2021 and March 2022, with 30 in
the intervention group and 33 in the control group (Table 1). Six participants formally withdrew
from the study, four due to the time commitment and two without explanation. Three of the
participants that withdrew were in the intervention group, and two in the control group. No
participants who withdrew from the study opted to withdraw their data.
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Figure 1: Participant allocation and randomization from RCT

Measure

Entire
Cohort

Intervention

Control

Male

Female

n=30

n= 33

n= 7

n=56

60.7 (3.0)

60.1 (3.8)

59.8 (4.0)

60.5 (3.4)

n=63
Age (year): Mean (SD) 60 (3.4)
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Height (cm): Mean

168.7 (8.7)

167.9 (8.8)

169.5 (8.7)

184.6 (9.2) 166.7 (6.2)

168.0 (42.7)

171.5 (39.4)

165.0 (45.9)

236.7

159.0

(57.5)

(31.1)
26.01 (4.8)

(SD)
Weight (lbs): Mean
(SD)
Body mass index:

26.6 (5.6)

27.6 (5.4)

25.9 (5.7)

31.7 (8.5)

85.7 (19.3)

84.4 (21.7)

86.8 (17.2)

88.9 (45.6) 85.3 (15.5)

102.0 (20.1)

100.9 (25.6)

102.9 (14.0)

112.3

100.9

(10.8)

(20.5)

Mean (SD)
Waist Circumference
(cm): Mean (SD)
Hip Circumference
(cm): Mean (SD)
Diagnosed with
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osteoporosis: count
Side of fracture:
count

Dominant side

Right: 42
Left: 21
41

fractured: count
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Treatment: count

Splint: 43
Cast: 43
Surgery: 43
Other: 43

6.5.2

Recruitment

We recruited 63 participants within the a priori timeline of 12-months. Figure 2 demonstrates the
number of participants recruited per month within the year. All recruitment took place at one site,
the RM-HULC. The age restriction of this study reduced the number of participants eligible to
participate. Additionally, participants travel from across Ontario to receive care, and many of the
eligible participants declined to participate due to the commute. Participants were screened by
looking through surgeon clinic day sheets and through the urgent care center.
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Figure 2: Number of participants consenting per month in the 12-month
recruitment period

6.5.3

Retention

Six participants (9%) formally withdrew from the study. The most common reason for
withdrawal was due to the time commitment of the study (4, 6%). Two of the participants
withdrew without an explanation. Several of the participants did not attend all the study visits or
complete the online questionnaires at certain time points. Data collection is ongoing, so many of
the participants have not yet reached time points in the study. At the 6-week point 39 of the 46
participants completed some portion of the data collection (85%) at the 3 month-time point 27 of
the 39 participants completed some portion of the data collection (69%) and at the 6-month time
point 24 of the 32 participants completed some portion of the data collection (75%). So far,
100% of the participants at the 12-month time point have completed some portion of data
collection (Table 2). Using the criteria of participants that have formally withdrawn we have a
completion rate of 95%, which is well above the a priori criterion for success of 75%. In a semistructured interview participants were asked to comment on the outcome measures. Many of the
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participants mentioned that there were too many questionnaires and completing the
questionnaires was a significant time commitment. Most of the participant did not mind coming
into RM-HULC for the physical assessments.

Table 2: Retention rates by timepoint and group allocation. Note that the denominator is not consistent at
each timepoint as data collection is ongoing and some participants have not yet reached that point in their
participation.
Study visit

Entire Cohort

Intervention

Control

Baseline

63/63

30/30

33/33

6 weeks

48/63

25/30

26/33

3 months

30/43

14/20

16//23

6 months

24/33

11/15

13/18

12 months

8/14

4/7

4/7
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6.5.4

Adherence

Overall, adherence was 58%, however, 8 participants still need to complete their 6-week visit, not
meeting the a priori criterion of 60% adherence to the 6-week twice weekly exercise and education
program. Five participants did not complete any of the recommended sessions. Two of the
participants did not sign up for the website, one participant has missed several visits and has not
responded to follow-up requests, so it is assumed that zero sessions were completed, and two
participants said they were too busy and therefore did not engage in any of the sessions. Seven of
the participants completed all 12 sessions.
Feedback in a semi-structured interview of those in the intervention group revealed that
participants generally enjoyed the program. However, there were several people that did not
complete the exercise sessions because they wanted to return to their pre-fracture activities. One
participant explained that she did not prefer to exercise inside in front of her computer, and instead
preferred physical activity by walking around outside and working on her farm. Some participants
felt that the intervention was too easy or wanted variability in the videos. Other participants said
that the exercises were a good way to get back into an exercise routine. One participant expressed
that they used the intervention as motivation to start walking again and engage in more daily
activities. Several participants mentioned that there was a lot of information in the education
program, and one participant, brilliantly, suggested giving the education modules during the
immobility phase of the distal radius fracture. This would help space out the time commitment.
When prompted about the information in the education videos participants said that it was
thorough and that they enjoyed the information.

6.5.5

Secondary Outcome Measures

Data on the secondary outcome measures is presented in Appendix 1. Scatterplots of outcomes at
baseline and 6 weeks are presented for the following outcome measures: four-meter walk, five
times sit to stand, timed up and go, Biodex fall score, Biodex overall posture score, pronation,

129

supination, wrist flexion, wrist extension, ulnar deviation, radial deviation, grip strength and pinch
strength (Appendix 5).
Table 3 presents a summary of each of the outcome measures assessed in this study, and whether
the outcome should be carried forward in a fully powered randomized control trial.

Table 3: Summary of Outcome Measures and decisions on whether to move forward with the
larger trial

Outcome Measure

Remove outcome for

Rationale

Larger Trial
Self-Report Outcomes
Demographics

No

Aligns with HULC Core

Supplements

No

Aligns with HULC Core

Pain Scale

No

Aligns with HULC Core

Exercise Self Efficacy

Yes

Evaluated through readiness for

Questionnaire

change

Short Form Falls Efficacy

Baseline, 6 and 12

Scale

months only

Global Rating of Change

No

Aligns with HULC Core
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Single Assessment Numeric

No

Aligns with HULC Core

DASH

No

Aligns with HULC Core

EQ5D5L

No

Aligns with HULC Core

Patient Rated Wrist

No

Aligns with HULC Core

Yes

Evaluate through education

Evaluation

Evaluation
Osteoporosis Knowledge
Test
Personalized Exercise

videos
Yes

Been evaluated in other studies

Katz Comorbidity Scale

No

Aligns with HULC Core

Readiness for Change

No

Aligns with HULC Core

Questionnaire

Objective Outcomes
Height (cm)

No

Valuable for osteoporosis
detection of vertebral fractures

Weight (lbs)

Yes

Use self-report

Waist circumference (cm)

No

Used as a measure of health

Hip Circumference (cm)

No

Used as a measure of health

4 m walk

No

Measure of overall health
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Five times sit to stand

No

Measure of LE strength

Timed Up and Go (sec)

No

Measure of fall risk

Side by Side (sec, max 10

Yes

Ceiling effect

Yes

Ceiling effect

Yes

Ceiling effect

Yes

Not accessible across multiple

sec)
Semi Tandem stand (sec,
max 10 sec)
Tandem Stand (sec, max 10
sec)
Biodex Fall Risk

sites
Biodex Postural Stability

Yes

Not accessible across multiple
sites

Pronation

No

Good measure for function

Supination

No

Good measure for function

Elbow flexion

Yes

Might have been more valuable
to look at the shoulder

Elbow extension

Yes

Might have been more valuable
to look at the shoulder

Wrist Flexion

No

Good measure for function

Wrist Extension

No

Good measure for function
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Ulnar Deviation

No

Good Measure for function

Radial Deviation

No

Good Measure for function

Grip

No

Good measure for function and
overall strength

Pinch

No

Good measure for function and
hand strength

Bone Density

Baseline and 12
months only

An effect size is presented for grip strength, range of motion and pinch strength to see the within
group differences at baseline and 6 weeks (Table 4). There were statistically significant within
group subject differences in the following variables: pronation affected, supination affected,
wrist flexion affected, wrist extension affected, radial deviation affected, ulnar deviation
affected, grip strength affected, and pinch strength affected, which supports their ability to
measure change over time.
Although adverse events were not formally captured, seven participants reported injuries
throughout their participation, none of which were related to the intervention. Of the seven
participants, three were in the control group and four were in the intervention group. Two of the
participants tripped outside and re-fractured their distal radius, one participant had carpal tunnel
surgery shortly after enrolling the program, one participant mentioned that she fell outside but it
did not result in a fracture, another participant had a torn rotator cuff (she was in the control
group, so it was unrelated to the intervention), one participant got COVID, and another
participant had a pinched nerve in her back (she was also in the control group, so it was unrelated
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to the intervention). These injuries were tracked based on participant self-reporting, so other
injuries may have occurred and were not reported.

Table 4: Effect size of outcome measures after 6 weeks
Baseline
Outcome Measure
Sample
Size
Four Meter Walk
n=60
Five Times Sit to Stand
n=60
Timed Up and Go (TUG)
n=60
Pronation

n=60

Baseline Mean
(SD)

6-week
sample size

6-week
Mean (SD)

Effect Size
(Hedge’s G)

3.21 (0.6)
12.17 (3.8)
8.11 (1.9)

n=36
n=36
n=36

3.11 (0.6)
11.11 (2.7)
7.09 (1.9)

0.17
0.31
0.53

Affected: 77.2
(18.1)

n=36

Unaffected: 85.9
(7.14)
Supination

n=60

Affected: 63.6
(26.2)

n=36

Unaffected: 83.5
(11.6)
Wrist Flexion

n=49

Affected: 39.3
(18.1)

n=32

Unaffected: 64.7
(18.1)
Wrist Extension

n=48

Affected: 32.8
(17.4)

n=32

Unaffected: 58.1
(13.3)
Radial Deviation

n=50

Affected: 14.3
(9.6)

n=31

Unaffected: 22.7
(10.2)
Ulnar Deviation

n=50

Affected: 20.8
(11.1)
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n=31

Affected:
80.4 (10.4)
Unaffected:
104.7
(129.7)
Affected:
71.9 (16.7)

Unaffected= 0.24

Unaffected:
81.3 (9.5)

Unaffected= 0.20

Affected:
52.2 (14.5)

Affected= 0.77

Unaffected:
66.9 (12.3)

Unaffected= 0.14

Affected:
49.5 (14.2)

Affected= 1.03

Unaffected:
37.1 (9.4)

Unaffected= 1.76

Affected:
17.8 (10.5)

Affected= 0.35

Unaffected:
21.5 (13.1)

Unaffected= 0.11

Affected:
29.7 (10.1)

Affected= 0.83

Affected= 0.20

Affected= 0.36

Unaffected: 37.7
(9.6)
Grip

n=58

Affected: 8.8 (7.6)

Unaffected:
37.1 (9.4)

Unaffected= 0.06

n=36

Affected:
17.7 (14.1)

Affected= 0.84

n=36

Unaffected:
28.2 (11.8)
Affected:
4.9 (1.9)
Unaffected:
6.9 (2.5)

Unaffected: 24.2
(9.7)
Pinch

n=58

Affected: 3.3 (2.0)
Unaffected: 6.1
(1.9)

Unaffected= 0.38
Affected= 0.82
Unaffected= 0.37

6.6 Discussion
This feasibility trial provides insight into the recruitment, retention and adherence of adults aged
50-65 with a DRF and the use of a whole body, home exercise and education program.
Recruitment and retention of this population proved to be successful, meeting the a priori
criterion established. Adherence, however, has not yet met the criterion with an adherence rate of
only 58%. A fully powered RCT with grip strength as the primary outcome248 would require a
sample size of approximately 350 participants. This sample size could be achieved by including
more sites or opening the age criterion to all participants over the age of 50. There were no
reported adverse events associated with the exercise intervention in this population, however, the
risk for falls increases with increasing age. A study looking at women over the age of 65 found
that the risk of adverse events during unsupervised exercise may not outweigh the benefits244. In
a larger trial adverse events and fragility fractures need to be closely monitored and verified.
This feasibility program determined that recruitment was accomplished, recruiting 63 of the 74
participants in 12 months (85%), likely recruiting the remaining participants within the next two
months. The most common reasons individuals refused participation were the commute and the
time commitment. Participants were asked to come into RM-HULC to complete some of the
outcome measures, otherwise the program took place online at home. If participants were
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interested in the program, they were given the option to skip the in-person components. One
participant accepted this offer but withdrew within the first 6 weeks. It seemed that the time
commitment was the biggest barrier to engaging in the program, which is consistent with barriers
to exercise participation that has been previously cited232, 234, 249, 250.
Recruitment took place at only one site, with a known large number of adults with DRFs, to try
to reduce the number of screen failures. We found that recruitment was the greatest in the winter
months (January, and March), likely related to fracturing from falling on ice. This is a common
mechanism of injury for people with a DRF251. It also seemed that there were a lot of potential
participants in the summer months of June and July, due to an increase in outdoor activity,
leading to falls and fractures. Recruitment might be improved by expanding the age group to any
adults with a DRF over the age of 50. However, caution should be taken when considering this as
there is a risk of an increase in falls and fractures as adults age244. We also had four participants
unable to participate because they did not have access to a computer. With an online program,
this was an essential component, but if the age category is expanded potentially more participants
would not be able participate due to a certain level of tech-savviness required to engage in an
online program.
Based on a preliminary evaluation of the outcome measures, we suggest reducing the number of
outcome measures to reduce participation burden, and hopefully reduce the time commitment for
the study. This will help retention rates, as four participants withdrew because of the time
commitment. We propose removing the following outcome measures: exercise self-efficacy
questionnaire, osteoporosis knowledge test, personalized exercise questionnaires, objective
measure of weight, side by side stand, semi tandem stand, tandem stand (and replace with a more
challenging balance assessment like a single leg stand), the Biodex fall risk and postural stability
assessment, and elbow flexion and extension (Table 3). This study was not properly powered to
evaluate these outcome measures with statistical confidence, so the decision to retain or discard
outcome measures was based off clinical reasoning. As well, in a future iteration of this study, it
would be recommended to provide the intervention group with the education materials while
they are immobilized in their cast, and then begin the exercise intervention once their cast is
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removed. This would help to disperse the commitment of the study and help to balance the time
commitment.
Adherence to this program was low, and did not meet the a priori criterion, however, it is not
unlike other exercise interventions120, 180, 252, 253. Adherence to a home exercise program can be
hard to measure, this study used a hard-copy exercise tracking sheet, but other methods have
been cited in the literature115, 180, 252, 254. Participants were asked to engage in the Hands Up
Program for 6-weeks, which was consistent with other interventions for people recovering from a
DRF115, 127, 180, 252, 254, but it may have benefitted people with osteoporosis to engage in the whole
body exercise portion of the program for up to 12 weeks to notice strength improvements, or up
to one year, as was previously reported244. Strategies to improve adherence in this population
need to be further explored. We will continue to interview the participants to better understand
why adherence was a challenge. Based on the current interviews time seemed to be a barrier.
Making the intervention more engaging, more personalized, emphasizing the importance of the
program, or incentivizing the participants may be some strategies to help the participants make
time for the program. As well, recognizing that several participants mentioned that they are
already engaged in activity and are eager to return to it, credit should be given to that. An
evaluation of their current program could be done to highlight the areas that may need further
emphasis to adhere to the osteoporosis exercise guidelines, which would mean the participants
do not need to stop engaging in their current activities.
This study was modified from its initial conceptualization, which was going to be an in-person
exercise and education program, and instead became an online home exercise program because
of COVID. Many participants chose not to participate in the study due to the commute, so it was
likely a serendipitous change to improve recruitment and retention in the program. However, in
person exercise programs have a better adherence rate than those that are online255-258. This
program was intended to be pragmatic, encouraging participants to take ownership of their home
exercise program, like that in an outpatient physiotherapy practice. To improve adherence and
understanding of the exercises it may be helpful to have a physiotherapist check in with the
participants after the first week, via a video call, to ensure the activities were properly conducted.
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This would be especially important if a future trial increase the age range of the participants, as
the older participants are more likely to have compromised bone mineral density and therefore
increase their fracture risk244. Tutorial videos on how to do the exercises were created to help
participants learn the exercise, but it might have been helpful to have a physiotherapist also
check in.

6.7 Strengths and Limitations
A strength of this study is that the intervention was created by the using evidence and enrolling
both males and females. We acknowledge several limitations to this study. Participants selfreported adverse events and therefore it is not clear whether the intervention resulted in any
injuries. We used participant self-report to evaluate adherence which means adherence could be
over-estimated, or under-estimated as the one participant was assumed to have not engaged as
they have not yet returned for follow-up visits. Participants were not blinded to group allocation,
to allow for the outcome assessor to be blinded, it required additional staff to do follow up visits
and assess outcome. There is also a risk of contamination as those in the control may have sought
out additional resources for exercise and education for bone health.

6.8 Conclusion
In conclusion, this feasibility trial was satisfactory in recruitment and retention, but not in
adherence. Suggestions for future trials include reducing the number of outcome measures,
providing the intervention group with the education materials during their immobilization period,
monitoring adverse events more closely, consider expanding the age criteria to 50+ and
involving more than one recruitment site.
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7

Grand Discussion

Five studies have been included in this thesis, falling under the overarching theme of nonpharmacological management of community dwelling individuals with osteoporosis or at risk of
developing osteoporosis.
The first study was a systematic review and meta-analysis of the efficacy of identifying home fall
hazards to reduce the risk of falling in community dwelling adults81. A total of eight studies were
included in the systematic review, and five studies were included in the meta-analysis. Most of
the participants in the study were considered older adults (average age of 76), and female.
Although most of the studies followed the participants for up to a year, there was often only one
study visit to evaluate the home for fall hazards. Overall, when pooling the results together there
was no difference in those that received a home hazard intervention, compared to those that did
not on falls incident rate or number of falls, but participants in the intervention group were able
to better identify fall hazards, suggesting a benefit. Future studies may benefit from longer, or
more frequent follow-ups with a clear action plan for care that is meaningful to the older adults.
The second study was an overview of systematic reviews looking at exercise for people after a
distal radius fracture, or a broken wrist127. The main objective of this study was to determine
whether exercise helps to improve pain and range of motion in adults after a broken wrist. A total
of five systematic reviews were included in this study. Unfortunately, the quality of the studies
was low, making it challenging to make strong conclusions about the results. However, there
does seem to be some weak evidence to support a benefit of exercise for people after a broken
wrist.
The third study was a survey of people with osteoporosis to better understand their exercise
preferences, in an effort to try to improve adherence to an exercise program249. Data on a total of
287 surveys were collected. The sample was 90% female with a mean age of 67 (SD: 10.7)

139

years. Most participants preferred to exercise in the morning (n=208, 75%), on their own time
(n=180, 65%), with exercise that were easy to perform (n=151, 55%), slow paced (n=133, 48%),
and easy to remember (n=117, 43%). Home (n=171, 62%) was the most preferred location to
exercise. The most important goal for the participants was to improve strength (n=241, 84%) and
the least important goal was to reduce falls (n=129, 45%,). Time was the most common barrier
reported in 30% of participants and followed by pain in 23% of the participants. Men preferred to
exercise at home or at the gym, and women preferred to exercise at home or outdoors. Future
studies should consider these factors when designing an exercise program for people with
osteoporosis.
The fourth study was a qualitative study, interviewing people with osteoporosis. The purpose of
this study was to explore people with osteoporosis’ personal experiences with getting
information about how to manage their osteoporosis. An interpretive descriptive method was
used when designing and analyzing the results from interviews with 13 people with osteoporosis.
Participants were asked the type of health professionals providing osteoporosis management
advice focusing specifically on advice received about exercise, nutrition, and falls prevention.
People with osteoporosis rely on physicians for advice related to pharmacological treatment
needs, and other health professionals for non-pharmacological needs such as exercise advice,
nutrition advice, and falls prevention advice. People value non-professionals, such as family
members and close friends, who may or may not have osteoporosis, to discuss or corroborate
health professional advice, or to validate their belief system. People with osteoporosis need more
training on how to engage in conversations with their healthcare providers, to improve
communication.
The final study included in this thesis was a randomized control trial of an exercise and
education intervention for adults aged 50-65 after a broken wrist243. The program was a 6-week
whole body exercise program, and the education was about osteoporosis and nonpharmacological management of osteoporosis. All participants were recruited from the
Roth|McFarlane Hand and Upper Limb Center. The primary feasibility outcomes of the study
were recruitment rate (74 participants in 1 year), retention rate (75% completion), and
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intervention adherence rate (60% of completion of the exercise program). 63 participants were
recruited in 12 months. Retention met the criteria for success with 75% of participants attending
their 6-month visit. Adherence was not met, with the average adherence at 56%. Six participants
formally withdrew from the study, four due to the time commitment and two without
explanation. Three of the participants that withdrew were in the intervention group, and two in
the control group. Adherence was a challenge and future iterations of this intervention should
consider strategies to improve adherence.
This thesis was designed to have each manuscript build up to ultimately create an evidenceinformed intervention for people at risk of osteoporosis and future fractures. Other manuscripts
were also written, and not included in the thesis, to inform the intervention. For example, several
manuscripts have been written on fall hazard identification strategies259. After writing the metaanalysis, it was clear that an in-person home visit for home fall hazards was not feasible. We
developed a protocol to use Go Pro cameras instead. I integrated this into the Hands Up
intervention, while also previously completing preliminary work to develop the protocol. My
goal in this research is to reduce the risk of future fractures in people at higher risk of fracturing.
Although I have begun to establish a potential intervention to accomplish this goal, there were
several limitations. Firstly, this was a pilot study, so it is challenging to make definitive
conclusions from this study alone. A larger, fully powered trial is necessary to determine if there
are benefits in strength, balance, and fitness, all of which are necessary to reduce the risk of
fracturing, non-pharmacologically. With the pilot study, there were also a lot of lessons learned
on how to better implement the program. The suggestions for future modifications of the Hands
Up Program were presented in the discussion section of Chapter 6.
When considering all the studies together, there are three major findings to consider. Firstly, that
people with osteoporosis value exercise but an individualistic approach is necessary. Secondly,
more information and resources are needed to help people with osteoporosis better communicate
with their healthcare professional, and more resources are needed to disseminate nutrition
recommendations. Nutrition was not as well covered by participants in the qualitative study.
Finally, preliminary findings suggest that the Hands Up Program was feasible, but strategies may
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need to be employed to improve adherence when designing a larger, fully powered randomized
control trial.
When prescribing exercise, it may be necessary to adapt a more individualist approach, which
may also help to improve adherence. An article on congenital heart defects begins to explore a
more individualistic approach to exercise prescription260, which may also be applicable for
people with osteoporosis. Due to the congenital nature of the defects, there is a need for life-long
adaptation to exercise and physical activity260. Similarly, when targeting people in the earlier
stages of osteoporosis, it is important to establish a strategy that allows for long-term adoption of
exercise and physical activity into their lifestyle. The article on heart defects suggests starting the
intervention with a history and physical exam, then assess based on a few key parameters, the
provide recommendations for the type of exercise and intensity and finally follow up260. The
approach of individualizing exercise was a theme that emerged from the studies conducted in this
thesis. People with osteoporosis had a variety of exercise preferences, as well, some people
found the Hands Up program challenging to adhere to, because they were already engaging in
other activities. It might be helpful, when conducting the full-RCT for the Hands Up Program to
consider conducting a more thorough history and physical exam and get a better sense of the
exercise preferences. The program should ensure that all the participants are meeting the
osteoporosis physical activity guidelines by conducting strength training twice weekly, balance
training daily and finally at least 150 minutes of moderate-to-vigorous physical activity. Rather
than requiring all the participants are engage in all the videos, we could prescribe specific videos
to fill the gaps in their current fitness plan. For example, one of the participants really enjoyed
cycling and walking, but did not participate in as much strength training. For this participant it
would be helpful to emphasize the importance of the strength training program, to ensuring
adherence to the osteoporosis physical activity guidelines. Further consideration should be made
for what the participants are doing for both exercise and physical activity. For example, another
participant mentioned that she does a lot of farm work. Probing further into this would likely
reveal that she is doing quite a bit of heavy lifting while also doing a lot of walking. For this
participant, it might have been more valuable to emphasize the balance training and have a
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conversation about the intensity of the exercises to make sure the participant is always being
challenged. Preliminary work would be necessary to determine which assessments are most
important for people with osteoporosis, to ensure a sufficient individualized exercise
prescription.
When reflecting on the studies presented in this thesis, although the intention was to better
understand non-pharmacological management, there was much more of an emphasis on falls
prevention and exercise. There is a clear need for more information on nutrition
recommendations for people with osteoporosis, but also, more importantly, a better way to
disseminate the information. Osteoporosis Canada does have a section of their website attributed
to nutrition recommendations, where it discusses calcium, vitamin D and protein, and provide
recipes to include these key nutrients. It may be that more training is necessary for other
healthcare professionals to feel comfortable talking about nutrition for people with osteoporosis.
One suggestion would be to have an updated module as part of BoneFit™. BoneFit™ is a training
program for healthcare professionals to learned to teach exercise to people with osteoporosis. It
would be a great addition to the program to have a half-day update course to learn how to better
discuss the nutrition recommendations as well. Dissemination of tools should also include
multiple modes including videos, and handouts, and targeting all knowledge users including
physicians, physiotherapists, kinesiologists, dietitians, occupational therapist and of course
people with osteoporosis.
Finally, preliminary findings suggest that the Hands Up Program was feasible, but strategies may
need to be employed to improve adherence when designing a larger, fully powered randomized
control trial. Many of these findings were discussed in Chapter 6, in the discussion. Briefly,
reducing the number of outcome measures, providing the intervention group with the education
materials during their immobilization period, monitoring adverse events more closely, consider
expanding the age criteria to 50+ and involving more than one recruitment site, would all be
suggestions to improve the trial in a future iteration. It would also be interesting to start to
investigate what an individualized exercise program would look for people with osteoporosis, as
discussed above.
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7.1 Implications
Incorporating a whole-body exercise and education program for people at risk of fracturing has
implication in practice, academics and in policy.
In practice, this would mean that therapists rehabilitating people after the first indication of
compromised bone mineral density would have to feel comfortable either providing a wholebody exercise routine and balance training program, or knowing who to refer to, so that another
more qualified therapist could provide the recommendations. It is necessary to go beyond
rehabilitating the injured joint, like a broken wrist, and encourage these individuals to adapt other
lifestyle adaptations like bending through their hips rather than through their spine, maintaining
whole body strength to attenuate bone loss, and challenge their balance to reduce the risk of
falling.
In academia, the work could be progressed by creating a larger, fully powered randomized
controlled trial to see whether a whole-body exercise routine can improve whole body strength,
improve balance, and falls efficacy. Beyond a larger trial, future studies should begin to explore
how to establish and individualized exercise program. It may be that another pilot study is
established to determine if an individualized exercise program is feasible compared to usual care.
Alternatively, since we have already established that a whole-body exercise and education
program is feasible, a fully powered RCT may be possible where the exercise portion is
individualized rather than everyone receiving the same exercise routine. More research also
needs to be conducted on the nutrition needs of people with osteoporosis and how this can be
integrated into a holistic approach to non-pharmacological management.
In policy, programs like the Hands Up Program should be supported in the community to gain
better access to the programs. As well, when considering access, special attention should be
made towards targeting marginalized communities and Indigenous people, to ensure they have
the same access to resources as those that are not in marginalized communities. Financial figures
from Osteoporosis Canada suggest a large economic burden of osteoporosis and osteoporotic
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fractures, indicating a need to apply preventative interventions to reduce the risk of fracturing.
The yearly cost of osteoporosis to the Canadian healthcare system was $2.3 billion in 2010,
which included acute care costs, outpatient care and prescription drug costs14. If the Canadian
residents are requiring long-term care facilities, which is common in older adults after a hip
fracture, the cost could rise to $3.9 billion dollars14. Each hip fracture costs the healthcare system
$21,285 in the first year and $44,156 if the patient is institutionalized14. As well, 14% of people
who had a wrist fracture will suffer a repeat fracture within 3 years. In the Hands Up Program, of
the 63 people enrolled, 2 of them refractured their wrist within the year. These figures highlight
the need for preventative interventions, which would require support from a policy level.
In conclusion, the thesis presented began to explore non-pharmacological intervention for people
with osteoporosis or at risk of fracturing. Several studies were conducted to develop an evidenceinformed exercise and education intervention. The intervention was determined to be feasible,
but a future larger trial is necessary to determine the health outcomes with the intervention.
When developing future interventions, an individualistic exercise approach should be considered.
More information and resources are needed to help people with osteoporosis better communicate
with their healthcare professional. Finally, more resources are needed to disseminate nutrition
recommendations, as this topic was not as well covered by participants in the qualitative study
and strategies may need to be employed to improve adherence when designing a larger, fully
powered randomized control trial.
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9 Appendices
9.1

Appendix 1: Search strategy for Chapter 2: The efficacy of

fall hazards identification on fall outcomes: A Systematic Review
with Meta-Analysis
Key words
1. Fall hazard
2. “Fall hazard*”
3. “Fall prevention”
4. “fall risk*”
5. “slip*” or “trip*” or “faint*”
6. “older adult*”
7. 2 and 6
8. “community setting”
9. 2 and 8
10. “environmental fall hazard*”
11. “fall risk injur*”
12. “dwelling hazard*”
13. “falls history”
14. “medications”
15. 2 and 14
16. “sensory loss”
17. 2 and 16
18. “balance loss”
19. “unsteadiness”
20. “slip* surface*”
21. “trip* surface*”
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22. “house hazard*”
23. “home hazard*”
24. “community fall hazard*”
25. “dwelling hazard*”
26. “walking hazard*”
27. “standing hazard*”
28. “housework risk*”
29. “housework hazard*”
30. “household hazard*”
31. “fall* safety”
32. “home modification*”
33. 2 and 32
34. “vision loss”
35. 2 and 34
36. “footwear hazard*”
37. “cognitive status”
38. 2 and 37
39. “nutrition”
40. 2 and 39
41. “unsafe task*”
42. 8 and 41
43. “balance assessment”
44. “gait loss”
45. 2 and 44
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9.2

Appendix 2: Search strategy for Chapter 3: Therapeutic

Exercise for Adults Post Distal Radius Fracture: An Overview of
Systematic Reviews of Randomized Controlled Trials
Example Search Strategies

#1

Cochrane

PubMed

CINHAL

“Exercise training”

“Exercise training”

(MH “Resistance

OR “Exercise” OR

OR “Exercise” OR

Training” OR (MH

“physical activity”

“physical activity”

“Therapeutic
Exercise”) OR (MH
“Exercise” OR (MH
“Physical Therapy”)
OR (MH “Manual
Therapy”)

#2

#3

#4

“distal radius

“distal radius

(MH “Wrist

fracture” OR “DRF”

fracture” OR “DRF”

fractures”) OR (MH

OR “wrist fracture”

OR “wrist fracture”

“Radius fractures”)

Restricted to

Restricted to

Restricted to

systematic reviews

systematic reviews

systematic reviews

#1 AND #2 AND #3

#1 AND #2 AND #3

S1 AND S2 AND S3
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9.3

Appendix 3: The Personalized Exercise Questionnaire

PLEASE READ THESE INSTRUCTIONS BEFORE STARTING:
This survey was created to better understand your exercise needs and goals. By
completing this survey you will help us understand some of the difficulties you face in
an exercise program.
There are 6 sections and 38 questions. Please complete all questions relevant to
you, however, if there are any questions you do not wish to answer, you may cross-out
the question so we know you are choosing not to answer, rather than the question being
missed. All answers will be kept strictly confidential and never associated
with your name, as your name will not be collected.
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169

170

171

172

173
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9.4

Appendix 4: Interview Guide for Chapter 5: An Interpretive

Descriptive Approach to Understanding Osteoporosis
Management from the Perspective of People with Osteoporosis
Introduction:
I am interested in hearing your experience with managing your osteoporosis. I am interested in
learning how we can improve your osteoporosis care through exercise, nutrition, and falls
prevention. There has been a lot of literature on improving osteoporosis through medication, and
recently more literature on the benefits of exercise. We are now interested in hearing what you
have heard about the benefits of exercise related to your osteoporosis, and if you have been given
any advice on exercise, nutrition, or falls prevention.
I will be asking you a series of questions related to your experience with osteoporosis and what
advice you have received related to exercise, nutrition and falls prevention. The interview will be
audio recorded and transcribed, however, you will not be identified. If you would like to say
something you do not want recorded, please inform me and I will turn off the audio recording.
The interview should take approximately 45 minutes.
Pt. 1: Osteoporosis Care:
1) Which medical professionals have you discussed your osteoporosis care with?
2) What was your experience with getting information from those people? (what’s the problem with
the information you’re getting)
a. Did you find that the information you received was useful?
b. What did you discuss?
c. Did you get the information you needed?
3) Have you ever had an osteoporotic fracture?
a. Have you had more than one?
4) Do you wish there was something anyone told you after that first fracture? After any subsequent
fractures?
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5) Can you describe the treatment you’ve received for your osteoporosis?
Pt. 2: Non-pharmacological advice
1) What recommendations have you been given to manage your osteoporosis Prompt: Have you
looked at any resources to try to get your questions answered?
a. Any specific resources?
b. Websites?
c. Have you started following that advice?
d. Who gave you that advice?
2) Has anyone given you any advice on how to manage your osteoporosis?
a. Specifically related to exercise
b. nutrition and
i. what foods are good for your bones
ii. give examples of foods that are bad for your bones
c. preventing falls
d. Have you followed up that advice?
3) What advice did you receive related to exercise?
a.

Nutrition?

b. And falls prevention for managing your osteoporosis?
Pt. 3: Expectations of non-pharmacological care
4) What are your expectations of joining an exercise class?
5) What do you think the benefits of exercise are?
6) What are the dangers associated with exercise?
7) What might make it difficult for you to participate in exercise? How do you think you can
overcome those difficulties?
8) Do you think you need to change your diet as a result of your osteoporosis? How?
9) Are you concerned about falling?
a. Have you fallen recently?
i. What things do you think might have contributed to your fall?
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b. What might some risk factors to falling be? (Do you think you will break a bone?)
c. What do you think you need to watch out for in your home, in your neighbourhood, at work?
Prompt: Give some examples, Tell me more about that
d. Do you think your osteoporosis puts you at a higher risk of falling? Why? Have you had a bone
scan? Do you know what your findings are and what that means?
e. What would help you prevent falls?
Pt. 4: Goals and Knowledge
10) What are your long-term physical goals?
a. Do you think osteoporosis limits that?
b. What would you need to overcome those limitations?
11) If you had to estimate your future risk of fracture, what do you think that would be?
12) Do you feel that you are lacking knowledge related to your osteoporosis care?
a. Specifically related to exercise, nutrition and falls?
13) How would you prefer to get that information?
a. Classes
b. Online
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Appendix 5: Figures of outcome measures at baseline

9.5

and 6 weeks of participants in the Hands Up RCT
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Appendix 6: Operational Definitions

Adults- A person who is fully grown and developed. The definition is slightly modified
depending on the study population.
Aging- the process of getting older
Distal Radius Fracture- A broken bone occurring at the distal (closer to the hand) part of the
radius bone (forearm bone)
Education- the process of giving or receiving systematic instruction
Environmental Hazards- in the context of an object outside of the home that could increase the
risk of falling.
Exercise- purposeful movement carried out to sustain or improve health and fitness
Fall Hazards- Anything in the environment that could increase the risk of falling
Fall risk- the likelihood of a fall occurring
Falls- coming to rest at a lower level, often due to a loss of control or balance
Home Hazard- in the context of an object in the home that could increase the risk of falling.
Nutrition- the process of providing or obtaining the necessary foods for health and growth
Osteoporosis- a medical condition which results in the decrease of bone mineral density,
increasing the risk of fracturing. Someone is classified has having osteoporosis with a t-score of 2.5 or less.
Overview- a form of evidence synthesis that compiles a series of systematic reviews on a similar
topic to get a better understanding of the literature.

199

Physical Activity- all movement including leisure time, or work that requires energy expenditure.
Qualitative- in the context of research methods. Relies on data obtained through interviews, and
observations to describe a phenomenon.
Rehabilitation- Physical, mental, or cognitive support to restore, keep, or improve abilities for
daily living.
Systematic Review- a form of evidence synthesis that compiles primary literature, typically
randomized control trials on a similar topic to get a better understanding of the literature.
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Appendix 7: Letters of Permission from Journals to

present published work

Letter of Permission for Chapter 2
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Letter of Permission for Chapter 3

202

Letter of Permission for Chapter 4
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Letter of Permission for Chapter 5
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Chapter 4 Ethics Approval
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Chapter 5 Ethics Approval
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Chapter 6 Ethics Approval
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G.2.3.3. Furtado RC, Ziebart C. Let’s talk about sex and gender! rehabINK. 2021:10. Available
from: https://rehabinkmag.com
G.2.3.4. MacDonald C, Ziebart C. Person-Centered Research: Bringing the Bedside to the Bench in
Rehabilitation Science. rehabINK. 2021:10. Available from: https://rehabinkmag.com
G.2.3.5. Posa S, Ziebart C, Höbler F. Letter from the editors. rehabINK. 2021;11. Available
from: https://rehabinkmag.com
G.2.3.6. Ziebart C., Cimino S., Patsakos E., Letter from the editors. rehabINK 2022; 12. Available
from: https://rehabinkmag.com

G.2.4.

Abstracts – Published Peer-Reviewed:
G.2.4.1. Ziebart C, Giangregorio LM, Laing A, Gibbs JC, Levine I, Tung J. 2015. The Validity of
Accelerometry Device Characteristics on Detection of Peak Impact Loading During Lower
Limb Activity. J Bon Miner Res 30 (Suppl 1). Available at Available at
http://www.asbmr.org/ItineraryBuilder/GettingStarted.aspx. Accessed October 27, 2015
G.2.4.2. Ziebart C, McArthur C, Papaioannou A, Cheung AM, Laprade J, Jain R, Lee L, and
Giangregorio LM. Perspective of individuals with osteoporosis on physical activity
recommendations: mapping sources of behaviour to interventions. Applied Physiology,
Nutrition, and Metabolism, 2015, 40(9 (Suppl. 1)): S69, 10.1139/apnm-2015-0359
G.2.4.3. Ziebart C, McArthur C, Papaioannou A, Cheung AM, Laprade J, Jain R, Lee L Templeton
J, Giangregorio LM, 2016. Using behaviour change theory and user perspectives to design
patient education materials to enhance uptake of Too Fit to Fracture recommendations. J
Bone Miner Res 31 (Suppl 1). Available
athttp://www.asbmr.org/education/AbstractDetail?aid=c12d8733-de57-4038-ac5e62d1a166455e. Accessed November 3, 2016.
G.2.4.4. Giangregorio, L., Ziebart, C., McArthur, C., Cheung, A., Laprade, J., Jain, R., ... &
Papaioannou, A. (2017). TRANSLATING RESEARCH INTO PRACTICE USING
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PATIENT-CENTRED VIDEOS: DEVELOPMENT AND ANALYSIS OF
UPTAKE. Innovation in Aging, 1(suppl_1), 85-85.
G.2.4.5. Giangregorio L*, Ziebart C, McArthur C, Templeton J, Cheung A, Laprade J, Jain R, Lee
L, Papaioannou A. Translating Research into Practice using Patient-Centered Videos:
Development and Regional Analysis of Uptake of the Too Fit to Fracture Video Series.
Oral presentation at the 21st IAGG World Congress of Gerontology and Geriatrics, July
23-27, 2017, San Francisco, California
G.2.4.6. Ziebart C, Furtado, R, MacDermid JC., 2019. “It’s good to exercise and have good
nutrition, but this is going to happen, you are on a pathway”- A Grounded Theory
Approach of Understanding Osteoporosis Management in People with Osteoporosis.
G.2.4.7. Ziebart C, MacDermid J, Szekeres M, Suh N, Khan AA (2020) Barriers, Facilitators,
Needs and Goals Of Exercise For People With Osteoporosis. Medicine & Science in
Sports & Exercise in Vol. 52, No. 7S, July

G.2.5.

Submitted for Publication/Under Review: (indicate number of manuscript pages)
G.2.5.1. Ziebart C, MacDermid JC, Furtado R, Szekeres M, Suh N, Khan A. (2022). An Interpretive
Descriptive Approach to Understanding Osteoporosis Management from the Perspective
of People with Osteoporosis. International Journal of Qualitative Studies on Health and
Well-being. [under review]
G.2.5.2. Ziebart C, MacDermid JC, Furtado R, Pontes T, Szekeres M, Suh N, Khan A. (2022). A
phenomenological approach to understanding the barriers, facilitators, and goals of getting
knowledge about osteoporosis treatment from patients with osteoporosis. BMC Family
Medicine [under review]
G.2.5.3. Ziebart C., Dewan N., MacDermid J., (2022). Content Validity of the Comprehensive
Home Fall Hazard Checklist. Medicine [under review]
G.2.5.4. Boljanovic-Susic D, Ziebart C, MacDermid J, de Beer J, Petruccelli D, Woodhouse LJ.
(2022) Does the McGill Pain Subscale Differentiate between Neuropathic and NonNeuropathic Chronic Pain in the Total Joint Arthroplasty Population? Archives of
Physiotherapy [revisions requested]
G.2.5.5. Ziebart C, Bobos P., MacDermid JC., Furtado R., Sobczak DJ., Doering M. (2022) The
efficacy and safety of exercise and physical activity on psychosis: A systematic review and
meta-analysis. Frontiers in Psychiatry [revisions requested]
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G.2.6.

In Preparation: (indicate stage: ethics approval, data collection, data analysis, draft manuscript available)
G.2.6.1. Ziebart C, MacDermid J, Szekeres M, Suh N, Bryant D. Non-pharmacological
management of community dwelling individuals with osteoporosis or at risk of developing
osteoporosis a narrative review of the literature
Stage: Draft manuscript available
G.2.6.2. Ziebart C., Reischl S., Atran L., Chan J., Dirven K., Le L., Park A., MacDermid J. Beyond
Morning Stiffness: A Qualitative Examination of Joint Stiffness due to Hand Osteoarthritis
Stage: Ethics approval, Data collection ongoing
G.2.6.3. Ziebart C., Reischl S., Johnston Z., Ma J., Pham D., Salloum JF., Sithganesan M.,
Wikkerink S., Munro K., MacDermid J. Beyond morning stiffness: a qualitative study on
joint stiffness and knee osteoarthritis
Stage: Ethics approval, Data collection ongoing
G.2.6.4. Ziebart C., Austin L., Kfrerer M., Stanley M. A Digital First Healthcare Approach to
Managing Pandemics: A Scoping Review
Stage: Draft manuscript available
G.2.6.5. Austin L., Ziebart C., Kfrerer M., Austin R., Pepe D., Faults C. Physician’s perspective on
a digital first approach to healthcare during the COVID-19 pandemic
Stage: Ethics approved, Data collection complete, Data analysis ongoing
G.2.6.6. Austin L., Ziebart C., Kfrerer M., Austin R., Pepe D., Faults C. Canadian’s perspective on
a digital first approach to healthcare during the COVID-19 pandemic
Stage: Ethics approved, Data collection complete, Data analysis ongoing
G.2.6.7. Kajaks T., Ziebart C., Galea V., Vrkljan B., MacDermid J. Posture evaluation of firefighters
during simulated fire suppression tasks
Stage: Draft Manuscript Available
G.2.6.8. Kajaks T., Ziebart C., MacDermid J. Comparison of virtual and non-virtual static
ergonomic assessment methods of firefighters in full bunker gear
Stage: Draft Manuscript Available
G.2.6.9. Ziebart C., Dabbagh A., George C., Osifeso T., MacDermid J. Are sex and gender
considered when planning or conducting distal radius fracture research using surgical
interventions? A systemic review of the literature
Stage: Data analysis ongoing
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G.2.6.10. Ziebart C., Dabbagh A., Furtado R., Reischl S., MacDermid J. Are sex and gender
considered when planning or conducting distal radius fracture research using rehabilitation
interventions? A systemic review of the literature
Stage: Data collection ongoing
G.2.6.11. Ziebart C., Furtado R., MacDermid J. and ND10 translation team. A cross-cultural
translation of the ND10 in French, German, Chinese and Portuguese
Stage: Ethics approval, Data collection ongoing
G.2.6.12. Furtado R., Ziebart C., MacDermid J. A qualitative approach to understanding the goals
of students current and past in the combined MPT/PhD program, across Canada.
Stage: Ethics approval, Data collected, Data analysis ongoing
G.2.6.13. Ziebart C., MacDermid J., Bryant D., Szekeres M., Suh N. Hands Up Program: results of
a feasibility study of a randomized controlled trial of an exercise and education program
mfor adults aged 50-65 post distal radius fracture
Stage: Ethics approval, data collection ongoing
G.2.6.14. Dewan N., Ziebart C., MacDermid J. Home fall hazard assessment using a Go Pro
camera in healthy individuals and those with a recent distal radius fracture.
Stage: Ethics approval, data collection ongoing
G.2.6.15. Dabbagh A, Ziebart C, MacDermid JC, Packham T. Overview of Systematic Reviews of
electrophysiological modalities and manual therapy for the treatment of CTS
Stage: Data analysis ongoing
G.2.6.16. Abbasalipour S, Dabbagh A, Ziebart C, MacDermid JC. Overview of Systematic Reviews
of Acupuncture and Injections for the treatment of CTS
Stage: Data analysis ongoing
G.2.6.17. Reischl SA, Ziebart C, MacDermid JC. The effect of strength training on upper extremity
pain in people that use a wheelchair: a systematic review and meta-analysis.
Stage: Data analysis ongoing
G.2.6.18. Reischl SA, Ziebart C, MacDermid JC. Determining the dosage for neuromuscular
electrical stimulation in upper extremity musculoskeletal rehabilitation: a systematic review.
Stage: Data analysis ongoing
G.2.6.19. Ziebart C, Reischl SA, MacDermid JC. Does neuromuscular electrical stimulation
facilitate recovery of motor function in lower extremity musculoskeletal rehabilitation: a
systematic review
Stage: Data analysis ongoing
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G.3.

Presentations:

Presentation Type

Total #

3.1.
Invited Presentations at International/National Symposia, Conferences:

1

Invited Presentations Given as Seminars at Universities:

3

Invited Presentations at Regional Meetings:

1

Presentations at International Congresses:

3

Presentations at Annual Meetings of National Societies:

3

Presentations at National Conferences:

7

Presentations at Regional Meetings:

6

Other (Conference Organizer, Keynote Address at Workshop):

1

3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

Summary: (Total Lifetime Numbers)

G.3.1.

Invited Presentations at International/National Symposia, Conferences:
G.3.1.1. CSEP Student Summer Series, Virtual, July 28, 2020.
“A non-pharmacological multimodal approach to bone health and fracture prevention.”

G.3.2.

Invited Presentations Given as Seminars at Universities:
G.3.2.1. Kinesiology. University of Waterloo. April 2016. “Bone Physiology”
G.3.2.2. Kinesiology. University of Waterloo. October 2015 “The validity of accelerometry device
characteristics on detection of peak impact loading during lower limb activities”
G.3.2.3. Kinesiology. University of Waterloo. February 2015. “How to keep older adults too fit to
fracture”
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G.3.3.

Invited Presentations at Regional Meetings:
G.3.3.1. MacHANd Day, Burlington, Nov 2019.
“Fall screening and prevention –after an upper extremity fracture.”

G.3.4.

Presentations at International Congresses:
G.3.4.1. IAGG World Congress of Gerontology and Geriatrics, San Francisco, CA, July 2017
“Translating Research into Practice using Patient-Centered Videos: Development and
Regional Analysis of Uptake of the Too Fit to Fracture Video Series”
G.3.4.2. World Confederation for Physical Therapy. Geneva, Switzerland. May 2019
“Reflective Practices in Physical Therapy: A Scoping Review. London Health Research
Day”
G.3.4.3. Canadian Physiotherapy Association Congress 2021. Online. May 2021.
“Going back for more: tips and tricks for those considering or currently pursing graduate
studies.”

G.3.5.

Presentations at Annual Meetings of National Societies:
G.3.5.1. CSEP Annual General Meeting, Kelowna BC, November 2019.
“It’s good to exercise and have good nutrition, but this is going to happen, you are on a
pathway- A Grounded Theory Approach of Understanding Osteoporosis Management in
People with Osteoporosis.”
G.3.5.2. Canadian Society for Exercise Physiology, Kelowna, BC, November 2019
““It’s good to exercise and have good nutrition, but this is going to happen, you are on a
pathway”- A Grounded Theory Approach of Understanding Osteoporosis Management in
People with Osteoporosis”
G.3.5.3. American Society for Hand Therapists. Online. October 2021.
“Evaluation of the Hands Up Program: An online whole-body exercise and education
program for middle-aged adults after a distal radius fracture (DRF)”

G.3.6.

Presentations at National Conferences:
G.3.6.1. Canadian Disability Studies Association Conference, St. Catherine’s, ON, May 2014.
“Social Assistance Trends in Canada for Adults with Disabilities from 1999-2010.”
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G.3.6.2. American Society of Bone Mineral Research. Seattle WA. Oct 2015. “The Validity of
Accelerometry Device Characteristics on Detection of Peak Impact Loading During Lower
Limb Activity”
G.3.6.3. Canadian Musculoskeletal Conference. Toronto, ON. Oct 2016 “Barriers for rehabilitation
professionals’ uptake of osteoporosis exercise recommendations and suggestions for
knowledge translation interventions”
G.3.6.4. American Society of Bone Mineral Research. Georgia Atlanta. Nov 2016. “Using behaviour
change theory and user perspectives to design patient education materials to enhance
uptake of Too Fit to Fracture recommendations”
G.3.6.5. Four Cities Geriatric Day Conference, University of Waterloo, Waterloo, Ontario, June
2016 “The influence of vertebral fragility fractures and posture on physical performance
measures in women over the age of 65.”
G.3.6.6. Canadian Bone and Joint Conference. London, ON. May 2018
“The association between vertebral fracture characteristics, posture and physical
performance measures.”
G.3.6.7. Canadian Bone and Joint Conference. Online, June 2020
“Patient-Reported Outcome Measures Used for Shoulder Disorders: An Overview of
Systematic Reviews”
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A.1.1.

Presentations at Regional Meetings:
A.1.1.1. SoAR Conference. Waterloo, ON. May 2016
“Perspective of individuals with osteoporosis on physical activity recommendations:
mapping sources of behaviour to interventions”
A.1.1.2. SoAR Conference. Waterloo, ON. May 2016
“The influence of vertebral fragility fractures and posture on physical performance
measures in women over the age of 65”
A.1.1.3. Four Cities Geriatric Day Conference. Waterloo. ON. June 2016
“The influence of vertebral fragility fractures and posture on physical performance
measures in women over the age of 65”
A.1.1.4. MacHANd Day, Burlington. Nov 2019
“The effect of sex, age, and time on wrist pain up to 2-years following a distal radius
fracture”
A.1.1.5. MPT Poster Day. London ON. July 2021.
“Exercise Preferences for People with Osteoporosis, Identifying Barriers, Facilitators,
Needs and Goals of Exercise.”
A.1.1.6. Joint Mental Health Day. Online. October 2021
“The efficacy and safety of exercise and physical activity on psychosis: A systematic
review and meta-analysis.”

A.1.2.

Other:
A.1.2.1. Osteoporosis Canada Webinar. Online. February 2022 “Winter Activities and You”

B.

RESEARCH GRANTS (or equivalent):
If there are co-grants or group grants, list the total amount of the grant and, in brackets, the amount that is your component.
Include external salary awards and start-up funds received.
For APE Purposes only: you may also list grants applied for but not awarded, marked clearly as PENDING within the Amount/Year column.
Please be exact in outlining your role and contributions, especially where you are not the Principal Investigator.
Use BOLD font for your name
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Indicate under COMP whether grants were obtained competitively/peer-reviewed (C) or non-competitively/non-peer-reviewed (NC)
Co-Investigator

Granting Agency

CIHR Team Grant

Title

COMP

Amount

Start-

Principal

(* denotes

Per Year

Finish

Investigator

Collaborator)

Bone Health Research
Network

C. SERVICE TO THE COMMUNITY
C.1.

Memberships of scholarly societies (include office/role held and dates)
C.1.1.

C.2.

C.3.

Canadian Society of Exercise Physiology, Board Member, Sept 2018- present

Memberships on other societies (include office/role held and dates)
C.2.1.

Ontario Physiotherapy Association, Social media lead, Sept 2020-Sept 2021

C.2.2.

Ontario Physiotherapy Association, Treasurer and Chair elect, Sept 2021- present

Memberships on scholarly committees (include office/role held and dates)
C.3.1.

College of Kinesiologist of Ontario, Item Writing Committee, 2019-2021

C.4.

Memberships on other committees (include office/role held and dates)

C.5.

Editorships (list journal and date)

C.6.

C.5.1.

rehabINK, Editor, Sept 2020 – Jan 2021

C.5.2.

rehabINK Managing Editor, Jan 2021- Sept 2021

C.5.3.

rehabINK Editor-in- Chief, Sept 2021- present

Reviewer (journal, granting agency etc. and date)
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C.6.1.

Journal of Hand Therapy – manuscript reviewer (2018 – present), 12 articles reviewed

C.6.2.

Physiotherapy Theory and Practice- manuscript reviewer (2019- present), 9 articles reviewed

C.6.3.

Gerontology and Geriatric Medicine- manuscript reviewer (2021- present), 2 articles

C.6.4.

Advances in Health Science Research- manuscript reviewer (2020- present), 1 article reviewed

C.6.5.

Australian Journal of Advanced Nursing- manuscript reviewer (2020- present), 1 article reviewed

C.6.6.

Hand Therapy- manuscript reviewer (2021- present), 1 article reviewed
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